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BLOOD PLASMA PROTEIN PRODUCTION AS INFLUENCED BY 
VARIOUS DEGREES OF HYPOPROTEINEMIA AND 
BY AMINO ACIDS* 

Bv S C MADDEN MJ), A. P TURNER A. P ROWE, 

AKD G H WHIPPLE M D 

{From the Department of Pathology, The Vmversity of Rochester School of iledtane and 
Dentistry, Rochester, New 1 ork) 

(Received for publication, February 1, 1941) 

Blood plasma protems are an active part of the complex mtegrated system 
of body protems This thesis has been supported by vanous contributions 
coming from this laboratory There is ample evidence that a constant ebb 
and flow exists between plasma and cell protems, a dynamic equilibrium 
We beheve that this protem exchange may be at least as unportaut in cell 
nutation as the commonly accepted passage of ammo aads from the diges 
tive tract to the speaal cell proteins (2, 10, 14, 7) 

This protem exchange, this ebb and flow between plasma and cell protems 
IS m large part dependent upon the reserve store of protem unthm vanous 
body cells (e g , m Uver and m muscle cells) But this reservoir of protein 
matenal is m no sense an idle pool of protein It participates m the con- 
stant steady state mamtamed between the plasma protems on the one hand 
and the mtegral cell protems on the other It may be likened to a beaver 
pond beside a rapid stream, which nses and falls as does the stream and is 
further modified by dramage from and seepage mto tbe adjacent banks 
As this reserve protem must be largely or wholly withm the cell boundanes 
it is probably specific cell protein, yet m some way different from mtegral 
cell protems because it can be withdrawn or supplemented on occasion 
Our knowledge of cell protems does not permit us to specify differences 
between these "reserve,” “mtermediate” labile cell protems and the mtegral, 
relatively fixed cell protems In other papers (2, 9) we have used vanous 
terms to cover this labde protem matenal which flows in and out of body 
cells "intermediates,” or ‘large aggregates approxunatmg protems but 
not fixed tissue protems ” Perhaps the term "mtermediate protem” may 
appear more smtable until the specifications can be more clearly wntten 

* We are indebted to Eh Lilly and Company for aid in this work 
571 
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This concept is in harmony with observations reported by Schoenheimer 
and Rittenberg (11) using a totally different approach 
The production of new plasma protein which can be removed from the 
body (by plasmapheresis) is controlled in a measure by the concentration 
of plasma protein in the circulation Table 1 indicates that as the con- 
centration of circulating plasma protein rises the amount of new plasma 
protein which can be removed falls rapidly We beheve that some (and 

TABLE 1 

Rate of Blood Plasma Protein Regeneration 


Decreases When a Low Plasma Protein Level Rises toward Normal 

Dog 36-196 


Penod 

7 days 

Diet 

Protem 
intake 
Total for 

7 days 

Piaszna 
protem 
removed 
Total for > 
7 days 

1 

Blood plasma 
Average concen 
tration 

RBC 

hema 

tocrlt 

average 

Plasma 

volume 

Total 

protem 

A/G 

ratio 


1 

tm 

tm 1 

per cent 


per cent 

cc 


Kennel 


! 

5 81 


45 0 


1 

FasUng 

0 

35 5 

5 28 

0 93 

51 5 

491 

2 

Loi^ protein 

15 

16 6 

4 07 

0 76 

56 6 

403 

3 

Liver basal 

85 

7 6 

4 34 

0 67 

SO 4 

504 

4 

Liver basal 

85 

15 2 

4 58 

0 65 

47 5 

521 

S 

Liver basal 

85 

9 6 

4 65 

0 70 

48 9 

487 

6 

Liver basal 

85 

5 2 

4 60 

0 82 

48 0 

474 

7 

Liver basal 

85 

6 9 

4 49 

0 93 

47 2 

489 

8 

Liver basal 

85 

I 1 

4 73 

— 

44 8 

513 

9 

Liver basal 

85 

1 23 0 

4 44 

0 77 

46 9 

479 

10 

Liver basal 

85 

■31 

3 98 

0 67 

49 8 

489 

11 

Liver basal 

85 

WSm 

4 03 

0 67 

48 5 

462 

12 

Liver basal 

85 

m 

4 00 

0 61 

49 2 

— 


possibly all) of this apparent reduction m the formation of new plasma 
protem as the concentration nses may be accounted for by escape of plasma 
protem mto the body cells 

The present study contmues our research program relative to the factors 
controlhng the production of new plasma protein A normal adult dog is 
depleted by plasmapheresis (bleeding with return of red blood cells sus- 
pended m a sahne solution) and is mamtamed hypoprotememic by suitable 
plasmapheresis and a diet limited m its protem content It is evident, m 
Tables 1 and 1-a, that much less plasma protem can be removed m main- 
tammg a steady high h}Tpoprotememic level than m carrymg a steady low 
hypoprotememic level If the rate of regeneration of plasma protem is 
the same at 4 6 per cent as at 4 00 per cent the rate of disappearance 
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of the new plasma protem into the body cells must be faster at the higher 
level We have no measure of the true rate of regeneration of new plasma 
protein, we measure only what we can remove from the blood stream while 
maintammg comparable conditions We realize that plasma protem can 
rapidly disappear from the blood stream but concerning the normal rate 
of this disappearance we have no measurement This mterestmg problem 
has been discussed in a recent review (7) 

TABLE 1-0 

n et^ki and Nitrogen Balance 


Dog 36-196 


Period 

7 dtys 

Diet 

WeiEht 

Nlttoseabklsnce 

Inuke 

Output 

Intake 

output 

mdiet 

In cxceie 
R.BC 
{njected 

In 

plaemn 

urine 

In 

feces 



h 

tm 

tm 

tm 

1" 

tm 

tm 


Kennel 

13 6 







1 

Fasting 

12 1 

0 

+3 9 

5 8 

15 6 


-17 S 

2 

Protein low 

12 1 

2 8 

-3 7 

2 7 

10 7 

« 

-14 3 

3 

Liver basal 

11 8 

14 0 

+0 1 

13 

10 5 

5 1 

-2 8 

4 

Liver basal 

11 9 

14 0 

-bl 2 

2 6 

9 9 

2 8 

-0 1 

5 

Liver basal 

12 0 

14 0 

+0 2 

1 6 

9 4 

3 2 

00 

6 

Liver basal 

12 0 

13 8 

-2 S 

0 8 

9 2 

2 3 

-1 0 

7 

Liver basal 

12 1 

13 8 

4-2 7 

1 1 

9 2 

3 0 

4-3 2 

8 

Liver basal 

12 1 

13 9 

-1 0 

0 2 

10 3 

3 6 

-1 2 

9 

Liver basal 

12 1 

13 9 

+4 1 

3 8 

9 0 

2 3 

+2 9 

10 

Liver basal 

12 3 

13 9 

-b2 3 

2 8 

10 0 

3 1 

-bO 3 

11 

Liver basal 

12 3 

13 9 

+1 5 

2 7 

10 4 

3 2 

-0 9 

12 

Liver basal 

12 4 

13 9 

4-1 2 

2 6 

9 8 

3 2 

-0 5 

Totals 


141 9 

10 0 

28 0 

124 0 

31 8 

-31 9 


• Induded in following penod 


It IS obvious that m such experiments with plasmapheresis it is necessary 
to mamtam the plasma protem concentration at a uniform level if we would 
test accurately the effect of diet factors on plasma protem production — 
Table 2 


Methods 

Previous papers in this senes (5) have outlined the procedure employed in thispresent 
work. Attention should be called again to the figures given for blood plasma protein 
concentration They are obtamed by Kjeldahl nitrogen determinations on the plasma 
of the pooled daily bleedmg collected m saturated sodium citrate solution 1 ml per 
100 ml blood They are lower than the levels of the plasma protein actually arculatmg 
m the dog immediately prior to such bleedings for reasons noted m an earlier report (8) 
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Thej may be 10 to 15 per cent low er than these circulating levels but are within one per 
cent of the actual concentration of protein m the plasma removed 

The gelatin fed is of the same lot as that used previously (4) The naturally occumng 
forms of the ammo aads were used except for racemic mixtures of isoleuane and 
methiomne 

The amount of plasma protein removed on any day depends upon the concentration of 
protem in the plasma and the amount of plasma in the blood removed on that day The 
amount of blood removed is adjusted to two factors the amount the dog will tolerate 
wuthout clinical disturbance, such as loss of appetite, and, second, the amount the workers 
estimate must be removed to achieve a certain level on a given r6gime When the level 
IS high and the aim is to reduce the protem mass rapidly, 25 per cent of the blood volume 
IS a convenient and safe quantity to remove each day 'When a significant hypoproteinc- 

TABLE 2 


Blood Plasma Froltin Re$eneralton 
Favored When Certain Ammo Acids Supplement Gelatin 

Dog 36-196 


Period 

Diet 

Protein 
intalie 
per 7 day 
period 

Plasma 
protem 
removed 
per 7 day 
period 

Blood plasma 
Average 
concentration 

R3C 

hema- 

tocrit, 

average 

Total 

protein 

A/G 

ratio 

No 

days 


gm 


per cent 


per cent 

12 

7 

Liver basal 

85 



0 61 

49 2 

13 

4 

Low protein 

15 



0 62 

51 0 

14 

2 

Low protein -b gelatm -h ammo aads A 

134 

2 0 

3 97 

0 54 

49 0 

IS 

7 

Low protein -f- gelatm -fi ammo aads A 

134 

18 6 

4 27 

0 79 

SO 2 

16 

4 

Low protem 

15 


4 02 

0 79 

52 0 

17 

3 

Low protem -f gelabn -fi ammo acids B 

127 


4 13 

0 72 

48 9 

18 

7 

Liver basal 

85 



0 78 

50 2 


mia IS reached, 3 5 to 4 0 per cent, the size of subsequent bleedings may be based on 
experience We have tned to mamtain the concentration each day at the same constant 
hypoprotememic level dunng weeks and months of testing of factors which would have 
vaned this stead^ level w ere not the size of the daily bleedmgs properly adjusted The 
effect of a test factor has been related to the quantity of plasma protem which had to be 
removed in order to maintain this level We believe this measurement to be valid only 
if the beginning and ending concentrations of plasma protein are reasonably close and 
have each been maintained reasonably close by equivalent bleedings over a sufficiently 
long penod of time In other words a steady state must have been demonstrated to have 
preceded and follow ed any measurement of quantitative significance Such qualifica- 
tions, for example, are fulfilled m the experiments of Tables 2 and 2-o 

In past expenments we have not recognized any significant change in the 
quantity of plasma reqmred to be removed in mamtaining a constant level 
at any pomt between 3 7 and 4 3 gm per cent Below this range our past 
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data are inconclusive smce clinical disturbances are frequent and stop 
the experunent Above this range, the experiments m Tables 1 and 1 a 
mdicate that the quantity to he removed decreases sharply 


EXPEEIMENTAI. OBSERVATIONS 

The data presented m Tables 1 and 1 o, 2 and 2 a, are all obtamed from 
one contmuous 16 week experiment in a dog, 36 196, additionally valuable 
because of the similar expenments previously performed with its excellent 
cooperation (6, 4) In Tables 1 and 1 a the data are given as the totals 
or averages of those obtained on the individual days of the consecutive 


TABLE 2-<i 


n eight and Nitrogen BaJonee 

Dog 36-196 


Period 

Diet 

Weight 

NitiogeAl 

InUhe 

>Uocc per 1 dijr i>ei] 

Output 

od 

Intake 

minus 

entput 

l& 

diet 

io 

mm 
113 C 
l&jected 


{a 

uriue 

la 

feces 

Ae 

4aji 



r" 

tm 

tm 

tm 

tm 

tm 

12 

7 

Liver basal 

12 4 

13 9 

+1 2 

2 6 

9 8 

3 2 

-0 S 

13 

4 

Low protein 

— 

2 7 

+0 2 

1 5 

12 I 

3 0 

-13 7 

14 

2 

Low protein •+• gelatin amino aads A 

12 2 

27 5 

-2 4 

0 3 

16 6 

3 8 

+44 

IS 

7 

Low protein + gelatin + ammo aads A 

12 2 

27 5 

+2 9 

3 1 

17 5 

3 8 

+6 0 

16 

4 

Low protem 

12 3 

2 7 

+1 1 

1 4 

10 6 

3 0 

-11 2 

17 

3 

Low protem 4- gelaUn + ammo aads B 

12 4 

24 6 

0 0 

1 9 

13 1 

3 7 

+5 9 

18 

7 

Liver basal 

— 

13 9 

+2 5 

2 7 

9 2 

3 7 

-bo 8 


weekly penods In Tables 2 and 2-a the data are also given as totals or 
averages of weekly penods but m 4 instances for convenient comparison 
these represent expansions of shorter penods as mdicated 
In Tables 1 and 1 a is depicted a cycle of protem depletion and partial 
repletion all occurring durmg the first 4 weeks From an mitial level of 
5 81 per cent the plasma protem was reduced by fastmg and plasmapheresis 
and then by low protem diet and more plasmapheresis to 3 79 per cent by 
the end of 2 weeks Only a small fraction (at most 5 gm ) of the fifty-odd 
grams of plasma protem removed can have come from matenals in the 
15 gm of crude vitarmn accessones The bulk of this protein represents a 
reduction in the reserve store of protem (at least 35 gm ) and the balance is 
yielded by a reduction m the mass of plasma protem m the arculation 
(about 10 gm ) No steady level of hypoprotememia was attempted at the 
close of the second penod, so that it cannot be clearly demonstrated that 
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the rcser\c store was m nice balance with the briefi> maintained low plasma 
concentration of protein Rather the plasma le\el was allowed to nsc 
dunng the 3rd week and reached 4 71 gm per cent on the last day, w'hile a 
li\er basal diet was being instituted and plasmapheresis was limited It 
w as desired to keep the le^ el betw een 4 6 and 4 7 per cent so that more pro- 
tein w as remo\ ed during the fourth period The level promptly fell to 4 38 
per cent It became apparent that 15 gm plasma protein could not be 
rcmo\ed if this higher level were to be maintained Note that 16 gm 
appears to be the amount w hich can be removed w'eekly m maintaining the 
level near 4 per cent (periods 10, 11, 12, and 18) 

In periods 5 to 8 plasmapheresis w as decreased The removal of 6 9 gm 
protein dunng penod 7 dropped the level of plasma protein from 4 64 at 
the end of period 6 to 4 41 at the end of period 7 And wuth complete 
cessation of plasmapheresis dunng penod 8 the concentration rose only to 
4 71 gm per cent This rise of 0 3 gm per 100 ml plasma in plasma vol- 
umes as measured on those 2 days of 489 ml and 513 ml represents an 
mcreasc m the mass of circulating protein of only 2 6 gm If 16 gm of 
new plasma protein were produced during this 8th week, a quantity within 
the capacitj of this dog when mamtamed at a level of 4 per cent, then at 
least 13 gm of it has moved out of the circulation We have no means of 
determining w hether new plasma protein was converted into tissue protein 
or whether the tissue protein was formed directly from digestion products 
We do believe that approximately this quantity of protein w'as formed in or 
stored in the tissues, in that the unnary nitrogen figures are comparable 
after the third period whether the plasma protein concentration is high 
or low 

During the 9th week only 7 gm plasma protem were removed above 
the basal output of 16 gm In a previous experiment (5) it appeared that 
protein produced during 2 weeks of rest from plasmapheresis was almost 
quantitativ ely removed in again establishing a steady level at 4 per cent 
In this expenment 38 gm plasma protein were removed during periods 4 to 
8 and at 16 gm per period a total of 80 gm might have been produced, 
jet onlj 7 gm of the 42 gm difference were removed It is reasonable to 
argue that this longer period allowed the body cells to modify some of the 
rcserv e proteins tow ard integral or immobilized protem There was also a 
gam m weight 

It 15 to be emphasized that Tables 1 and 1-a approximate a perfect meta- 
bolic expenment After the initial periods 1 and 2, the dog was m total 
nitrogen balance, m w eight equilibnum (actually a slight gam 0 3 kilos m 
10 weeks), m perfect clinical condition with 100 per cent intake of a rather 
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steadj state of hypoprotememia and a uniform plasma protein production 
on a basal low protein diet These dogs are chnically normal but their 
resistance to mfection is distinctly below normal Introduction of variables 
into this standardized existence gives information relative to plasma protein 
production 

Plasma protein production under these conditions with a plasma protein 
concentration of 3 5 to 4 2 gm per cent is relatively constant As the 
plasma protein concentration rises the plasma protein removed falls rapidly 
(Table 1) At 4 6 gm per cent the protein removed is less than 50 per cent 
of the amount removed at a plasma protein level of 4 0 gm per cent 
Cystine appears to be an important ammo acid for plasma protein forma- 
tion This shows m Table 2 and is supported by data coming from pub- 
lished expenments 

These experiments related to the factors which control plasma protein 
production bear on the problems of shock, hemorrhage, and protein wastage 
and their treatment by plasma injections which hold the attention of sur- 
geons and physiologists at the moment 
Again we would emphasize the fluidity of body protein including plasma 
protein — an ebb and flow between protem depots and plasma protein — a 
“dynamic equihbnum” of body protein A discussion of the passage of 
large protein molecules through cell borders is submitted 
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Complement fixation studies on influenza A virus (1) infections have 
been conducted chiefly with human sera and antigens denved from in- 
fluenza mouse lungs The use of this test to assay ferret immune sera, 
however, seems to have been hampered by the occurrence of non specific 
or heterophile reactions (2) when such sera were tested against mouse lung 
suspensions Since complement fixation offered a possible means of study 
ing further the antigemc differences between strains of influenza A virus, 
a problem of considerable importance in view of the recent evidence that 
clinical influenza is a disease of diverse etiology (1, 3 a, h), expenments 
were conducted to evolve a satisfactory test with the ultimate end of apply- 
mg it to this problem 


Material and Methods 

Source of Antigen — Complement fixing antigens were prepared from the lungs of 
mice and ferrets and from the chorioallantoic and amniotic membranes of the developing 
chick embryo inoculated with influenza virus One strain S 1976, of swine influenza 
VITUS and the PR8 and W S strains of influenza A \ mis were used 

Albino Swiss mice were moculatcd mtranasally under ether anesthesia with 0 05 cc. 
of a 0 1 per cent suspension of infected mouse lung 3 days after inoculation the animals 
were killed with chloroform and the lungs were removed and pooled Ferrets were 
inoculated intranasally with 1 0 cc of a 0 1 per cent suspension of virus-containing mouse 
or ferret lung and the lungs were removed at various intervals as subsequently noted 
The procedure described by Nigg Crowlej and Wilson (4) was used to obtain antigen 
from the developing chick embr> o 0 1 cc of a 10 per cent suspension of infected chick 
tissue was inoculated between the yolk sac and the chorioallantoic membrane of 10 to 
12 day old chick embryos After 2 days locubation at 37 C the chorioallantoic and 
ammoUc membranes were removed washed in salmc and pooled 

Preparation of the Antigen — Tissues (mouse lung ferret lung or chick erabrj o mem 
branes) contaimng influenza virus were weighed ground with alundura and made into 
a 10 per cent suspension with saline The suspension was centnfuged at 2000 r 
for 30 minutes and the turbid supernate was drawn off, distributed into celluloid tubes 
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rcfngerator ■n-as cmplo^cd to facilitate am fixation ^\hlch might occur, none of the four 
preparations, ho\\c\cr, displaaed c\en the slightest eaidcncc that an> complcmcnt- 
dcNiating antigen i\as present 

Vside from whether the \m-us particle itself or some constituent or meta- 
bolic product of it is concerned in the complement fixation reaction, the 
injection into rabbits of tissue suspensions containing the antigen should 
give rise to specific complement-deviating antibodies 

The remainder of the four ferret lung suspensions v\as injected into rabbits, two ani- 
mals for each preparation Each rabbit received five intrapcntoneal injections of 3 0 
cc each, spaced 4 to 5 dajs apart Between injections the material was stored at — 18°C 
and thaw ed rapidly when required for use, the tubes were refrozen as soon as the requisite 
amount had been w ithdraw n The animals w ere bled by cardiac puncture 10 days after 
the last injection These sera were titered against a PR8 mouse lung antigen (1 hour 
pnmarv incubation) for their complement-fixing activity, and, to rule out the occurrence 
of non specific fixation, also against a control antigen prepared from normal mouse lungs 
Subsequentlv these sera w ere assay ed against 30 fifty per cent mortality doses of PR8 
mouse lung v irus for their neutralizing capacity (9) Results obtained w ith four of the 
sera arc presented m Table I 

As showm m Table I, all four ferret lung suspensions appeared to be 
devoid of complement-fixing antigen when tested directly in the fixation 
test, yet on injection into rabbits all induced the formation of complement- 
deviating antibodies , even the lung removed 24 hours after inoculation of 
virus stimulated a marked response m the rabbit That these antibodies 
were specific for the soluble antigen was indicated by the failure of the sera 
to fix complement m the presence of normal mouse lung specimens Fur- 
ther, in view of the large amount of material used for immunization, the 
neutralizing titer of the rabbit sera was surpnsingly low as compared with 
the complement-fixing titer If it is assumed that the unusually low neu- 
tralizing antibody titers were a direct consequence of a relative paucity of 
virus in the inocula, then it is justifiable also to assume that the relatively 
high complement-bmding titers were due to the stimulus provided by the 
complement-fixing antigen itself Since the latter is a soluble antigen, 
separable and distmct from the virus (6, 8), it appears probable that the 
disproportionate amounts of the two antibodies produced in the rabbit 
reflected the concentration of the corresfionding two antigens in the inocula, 
it will be recalled that the inocula were centnfuged at 13,000 R p ii for 30 
minutes, a procedure which removes approximately 90 per cent of the virus 
but affects the concentration of the soluble antigen to a lesser extent (8), 
m addition, storage at — 18°C , while useful to preserve the soluble antigen, 

IS not condume to survival of the virus 
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From these data it was concluded that the antigen was actually present 
m infected ferret lungs, and that with careful and accurate adjustment of 
the reagents in the test, it might be possible to demonstrate the occurrence 
of specific fixation, although obviously the system could not be made too 
sensitive if non specific reactions were to be avoided 

TABLE I 


Results of Complement Ftxaiton Tests vnih Ferret Lung Antigens and Convalescent Human Serum 
as Well as vnth if oust Lung Antigens and Serum of Rabbits Inoculated unth Ferret Lung 
Antigens 



t Primary incubation penod of 1 hour at 37 C 

Ferret lung antigens were prepared as before and titered m senal twofold 
dilutions against fallmg twofold dilutions of ferret sera It soon became 
evident that (a) ferret lungs, weakly antigemc at best, vaned in antigen 
content (b) overnight fixation m the cold was necessary, and (c) accurate 
quantitation of reagents was required, especially m the case of complement, 
small excesses of which were frequently suffiaent to obliterate the weak 
positive reactions obtained Two and one half exact umts were found to 
give the best results 

Table II presents the results obtamed with two ferret sera titrated against 
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antigen is also included for compansoti, all three antigens were tested 
simultaneously "vnth the same reagents so that the experimental conditions 
were practically identical It will be noted that the mouse and chick anti 
gens possessed about the same degree of complement fixing activity and 
that both were definitely supenor to the ferret antigen 

Study of Some of the Factors Possibly Iiivolved tn Noii-Spcctfic Complement 
Fixation with Ferret Sera — Smee non specific fixation was occasionally 
encountered, it was thought of interest to examme some of the factors 
which might play a part in such reactions Since mouse lung was known 
to contain heterophile antigen, it appeared possible that this might be 
responsible for non specific fixation occumng when ferret sera were tested 
with influenza mouse lung suspensions 

Ferret sera were examined for the presence of heterophile anbbodies by the method 
described by Paul and Bunnell (10) Sera were inactivated at 56 C for 30 minutes, and 
serial twofold dilutions m saline from 1 4 to 1 256 were prepared To 0 S cc of the 
serum dilution was added 0 5 cc of 1 30 guinea pig complement followed by 0 5 cc of 
2 per cent sheep cells (The cells were washed three times packed and stored at 4®C 
for from 4 to 7 da> s before use ) 1 cc of saline was added to bring the volume to 2 5 cc. 
The mixtures were well shaken, incubated for 1 hour at 37 C and the extent of hemolysis 
was recorded + + + + ivas used to designate complete lysis of the cells and — to inch 
cate absence o! hemolysis Correspondmgly, intermediate degrees of lysis were recorded 
by +, ++, and + + + 

Table IV shows the concentration of heterophile antibody m five ferret 
and five human sera chosen at random The lytic action of the ferret sera 
was quite marked and, unlike human sera, practically all ferret sera tested 
exerted a strong lytic action on sheep cells Ferret sera, therefore, contain 
large amounts of heterophile antibody which was thought to be responsible, 
in part at least, for some of the non specific fixation reactions which had 
been encountered Hence, attempts were made to remove the heterophile 
antibodies from ferret sera 

The technique of Davidsohn (11) with some modifications, was employed Gumea 
pig kidneys were nnsed with sahne finely mmeed with sassors, and washed repeatedly 
with saline until the washings appeared free of gross blood The tissue was then ground 
without abrasive and made into a 20 per cent suspension m sahne Sheep and beef red 
cells w ere washed three tunes in sahne then well packed by centrifugation and taken up 
m four volumes of salme to make 20 per cent suspensions 

The three suspensions were boded for I hour with frequent stimng small additions 
of distilled water were made at intervals to prevent drying of the tissues When cool 
the supemates were poured off and saved while the sediments were tnturated m a mortar 
these were then taken up in the original supemates, and distilled water was added to 
replace that lost by evaporation 
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hand, the PR8 and W S strains, the so called “intermediate and specific 
strains,” are seemingl} unique in that each occupies a niche of its own (12, 
13) in the classification scheme The results of cross immunity tests have 
tended to confirm these findings (13, 14) 

^^^llle such tests have demonstrated that strains of the virus may differ 
markedly one from another, they have yielded no information as to what 
portion of the virus particle endows it with its strain specific properties 
In conducting epidemiologic surveys with the use of the complement fixation 
test, antigens prepared from widely dissunilar strains have been employed 
(e g , W S by the English workers, Melbourne by the Australian, PRS by 
the American, etc ) with equally good results As a consequence the com- 
plement-fixmg antigen has come to be considered generally as “group 
specific ” Such an assumption has not been entirely warranted on the 
basis of the data available since human sera also possess the capacity to 
neutralize antigenically diverse strains to about the same extent, and hence 
would not be expected to reveal serologic differences in the complement- 
fixing antigens of these strains Ferrets, on the other hand, can be studied 
after a smgle attack of the disease and sera from these animals (13) can be 
shown by neutralization tests to reflect the differences in the antigenic 
structures of the infecting strams The use of ferret serum, therefore, 
appeared to offer a means of determinmg whether the strain specific prop- 
erties of the virus were a function of the infectious moiety or of the soluble 
(complement-fixing) antigen 

To determine whether serologic differences between strains of influenza 
A xnrus ere demonstrable by the complement fixation test, five strains of 
virus isolated from four different epidemics m New York State m 1939 (9) 
were chosen 

rcrrets were inoculated intranasallv with each of these strains and bled 10 to 12 days 
later Similar sera from ferrets inoculated with the PR8 or W S strains known to be 
dissimilar antigenicallv bj reciprocal cross neutralization and cross immunity tests as 
mentioned abo\e were included for comparative purposes A PRS mouse lung antigen 
w as used n falling tw ofold ddutions w ith similar dilutions of each of these sera Primary 
incubation was earned out at for 1 hour follow ed by 4°C overnight Neutraliza- 
tion tests, as preMoush described (9), were done to determine the neutralizing potency 
of the sera and since, for comparatue purposes, the concentration of this antibodj is 
more exactle expressed as neutralizing capacitj (15, 16) than as the serum dilution end 
point, the neutralizing capaaties of these sera will be presented here 

The data in Table VT show that no remarkable qualitative differences 
were demonstrable m the complement-fixing titers of these influenza A 
Mrus antisera In a general way, the apparent quantitative differences 
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seem to be related to the neutrabzmg capacities of the sera It might, 
however, be possible that the rough correspondence of the complement- 

TABLE VI 


Risidts 0} Cross CompUmenI Fsxolum Tests ssttlh the PRS Strain and Conoatescent Ferret Sera 
against Various Strains of Injtuensa A Virus 
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Sera inactivated at 56 C. for 30 minutes 

Fnmary mcubation period was 1 hour at 37 C and overnight at 4 C 
• Mouse lung antigen 


fixing titers and neutralizing capacities resulted from the fact that all the 
sera except the PR8 serum were tested agamst a heterologous and not a 
homologous stram of virus and soluble antigen 

Ferret imntutie sera against the PR8 and W S strams of influenza A vims and a strain 
(S 1976) of swine influenza vims were obtained by cardiac puncture 10 to 12 rlays after 


Dilution of scrum tested ncalnst 
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inoculation of these strains The swine virus was included because it is so distanth 
related antigenicalh to the PR8 and M S strains (12-14) 

Mouse lung antigens \ ere prepared from these three strains of \ irus, and the ferret 
sera were tested for complement-fixing and neutralizing capacities as desenbed in the 
section abo\ e The results are summanzed in Table \TI 

An analysis of Table bnngs out a number of interesting facts It 
mU be noted that the swine antisera neutrahzed large quantities of swine 
virus, much less of the W S strain, and still less of the PR8 strain The 
serum of ferret 24, for example, was capable of neutrahzmg 262,000 fifty 
per cent mortality doses of the homologous (swine) virus, but only 1660 
such doses of the W S strain and 588 of the PR8 strain The antigen of 
the swine virus, however, fixed complement with the heterologous W S and 
PR8 antisera, almost equally as well as with its own homologous antisera 
Insufiicient quantities of the particular PR8 antisera studied were available 
to permit complete neutralization experiments, but in view of what is 
already knowm (12, 13) concerning these three strains, the results should 
have been comparable to those obtained with the W S strain In the case 
of ferret serum 25, as an example, it was found that this serum neutrahzed 

9.120.000 fifty per cent mortahty doses of the homologous strain (W S ), 

3.710.000 such doses of the heterologous but related PR8 strain, but only 
2180 doses of the distantly related swine virus By the complement fixa- 
tion test, on the other hand, no diflferences in the titers of the PR8 and W S 
antisera w ere demonstrable whether these w'ere tested against the homolo- 
gous or heterologous antigen IVhen tested against the swine antigen, 
however, these influenza A virus antisera gave distinctly lower levels of 
fixation 

It is e\’ident that the titers obtained in cross complement fixation tests 
w ere unrelated to the capacities of the sera to neutralize markedly heterolo- 
gous strains The PR8 and W S strains, w'hile related, are known to be 
different antigenically by cross neutralization tests, by cross complement 
fixation tests, however, their soluble antigens appeared to be so sunilar 
that it proved impossible to distinguish one stram from the other An 
antigenic component present m the swine soluble antigen appeared to be 
present also m the PR8 and W S antigens as each of the corresponding 
antisera fixed complement to a like degree with the swme complement-fixing 
antigen This was also borne out by the finding that swine antisera in the 
presence of swine, PR8, or W S antigens fixed complement to the same 
extent 
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DISCUSSION 

In studying the complement fixmg antigen of influenza virus, the use 
of ferrets appeared to possess several advantages These animals, sus 
ceptible to infection with mfluenza viruses, could be made to pass through 
an attack of the disease under controlled conditions, which obviously does 
not hold true for man Also antibodies ansing as a result of the actual 
disease were thought to approximate more nearly natural conditions than 
would antibodies induced by artifiaal immumration 

Because of the difficulties reported (2) to occur with complement fixation 
tests in which ferret serum was used with influenza antigens obtained from 
animal species (e g , the mouse) possessing heterophile antigen, it was 
essential to investigate this problem first An attempt was made to employ 
infected ferret lung as a source of antigen, but the use of this tissue had to 
be abandoned when it became evident that even under the best conditions 
its antigen content was very low and not infrequently undemonstrable 
A pomt of mterest emerged when infected ferret lungs, containmg no 
demonstrable complement fixing antigen^ were mjected m large amounts 
mto rabbits, these animals responded by the production of antisera with a 
surprismgly low virus neutralizing capacity but a comparatively good 
complement fixmg titer, for example, the serum of rabbit 1, which faded 
m a ddution of 1 2 to neutrahze 30 fifty per cent mortahty doses of 
virus, nevertheless gave good fixation of complement As the lung sus 
pensions had been centrifuged at high speed, which removes considerable 
virus, and subsequently had been stored at — 18°C and thereafter fre 
quently thawed and refrozen, a procedure favormg inactivation of the virus, 
the marked differences in the titers of the neutralizmg and complement- 
fixmg antibodies suggest that these arose from stimuh afforded by two dif- 
ferent and distinct antigens 

The use of infected mouse lungs or developing chick embiyo membranes 
as a source of antigen was attended by a high proportion of non specific 
fixations, and some difficulty was encountered by the absence of specific 
complement fixation in the presence of ferret sera which, a prion, would 
have been expected to react positively When titration of the complement 
was made as quantitatively exact as possible, practically all the non specific 
reactions disappeared Full umts of complement were not used, as even 
small excesses of this agent were sufficient to abolish otherwise positive, 
specific fixation These pomts were found to be of the utmost importance 
if success was to be achieved in fixation systems utilizmg ferret sera 

That heterophile antibodies are present m ferret sera was demonstrated 
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inocuktion of these strains The swine Mnis was included because it is so distanth 
related antigenicalK to the PRS and W S strains (12-14) 

Mouse lung antigens i ere prepared from these three strains of virus, and the ferret 
sera w ere tested for complement-fixing and neutralizing capacities as described in the 
section abo\ e The results are summanzed in Table \TI 

An analysis of Table WI brings out a number of interesting facts It 
will be noted that the swine antisera neutrahzed large quantities of swine 
virus, much less of the W S strain, and still less of the PRS strain The 
serum of ferret 24, for example, was capable of neutralizing 262,000 fifty 
per cent mortahtj’’ doses of the homologous (swine) virus, but only 1660 
such doses of the W S strain and 588 of the PRS strain The antigen of 
the swrnie \nrus, however, fixed complement with the heterologous W S and 
PRS antisera, almost equally as well as with its own homologous antisera 
Insufficient quantities of the particular PRS antisera studied were available 
to permit complete neutralization experiments, but m view of what is 
already known (12, 13) concerning these three strains, the results should 
have been comparable to those obtained with the W S strain In the case 
of ferret serum 25, as an example, it was found that this serum neutrahzed 

9.120.000 fifty per cent mortahty doses of the homologous strain (W S ), 

3.710.000 such doses of the heterologous but related PRS strain, but only 
2180 doses of the distantly related swine virus By the complement fixa- 
tion test, on the other hand, no differences in the titers of the PRS and W S 
antisera were demonstrable whether these were tested against the homolo- 
gous or heterologous antigen WTien tested against the swine antigen, 
however, these influenza A virus antisera gave distinctly lower levels of 
fixation 

It IS exndent that the titers obtamed in cross complement fixation tests 
w ere unrelated to the capacities of the sera to neutrahze markedly heterolo- 
gous strains The PRS and W S strains, while related, are known to be 
different antigemcally by cross neutralization tests, by cross complement 
fixation tests, however, their soluble antigens appeared to be so sunilar 
that it proved impossible to distmguish one strain from the other An 
antigenic component present m the swme soluble antigen appeared to be 
present also in the PRS and W S antigens as each of the corresponding 
antisera fixed complement to a like degree w ith the swme complement-fixing 
antigen This was also borne out by the findmg that swine antisera in the 
presence of swme, PRS, or WS antigens fixed complement to the same 
extent 
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Similar, if not identical They indicated also that the soluble antigen of 
swine virus possessed components present in the antigens of the human 
strains of virus 
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THE QUANTITY OF IRRADIATED NON-VIRULENT RABIES 
VIRUS REQUIRED TO IMMUNIZE MICE AND DOGS 

By L T \VEBSTER, M D and J CASALS M D 
{From the Lahoratortes of The Rockefeller IitstxttUe for Medical Research) 

(Received for publication January 24 1941) 

In a previous paper we pointed out that 1 5 cc of irradiated tissue culture 
vims successfully immunises mice against a subsequent intracerebral or in 
tramuscular test infection (1) It soon developed, however, that extremely 
large volumes of the irradiated culture vims were needed to immunize dogs 
Quantitative studies were undertaken, therefore, to determine the amounts 
of vaccine necessary for mice and dogs in terms of mouse intracerebral 
lethal doses 

Mtntmxm Volume and Vtrus Content of Culture Vtrns Required for 
Immumzatton of Mice 

The first expenments dealt with the minimum dose of tissue culture 
vacane capable of immunizing mice In the previous paper (1), we stated 
that the culture vims usually titred 0 03 cc of the 10“* dilution iri 4 to 6 
weeks old mice and was therefore said to contain 33,000 mouse intracerebral 
lethal doses per cc 1 5 cc , or approximately 50,000 doses, properl} ir 
radiated, immunized the mice More recently we have adopted as a 
standard for titration 3 weeks old mice rather than those aged 4 weeks or 
more In these younger mice the culture vims often titres one dilution 
higher, 0 03 cc of the 10“* dilution 

Repeated experiments to determine the least amount of irradiated tissue 
culture virus* necessary to immunize mice indicated that 50,000 mouse doses, 
properly irradiated, gave good protection, whereas less than this amount, 
although sometimes effective, was not consistently so The following 
experiments illustrate the type of result obtained 

Experiment 1 — Tissue culture virus, Piisteur strain prepared as previously desenbed 
(1), was distnbuted m three quartz flasks One was irradiated 20 minutes and then 

*\Ve are mdebted to Dr George I La\m for irradiating the preparations used m 
these experiments 

^ This strain was kindly sent by Dr Pierre L6pme of the Pasteur Institute Pans, 
and has been passaged m mice in our laborator} 

dOl 
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tested for ^^^ulence, the second 30 minutes and tested, and the third 40 minutes and 
tested for \nrulence b> inoculating 0 03 cc intracerebrallj into each of five mice The 
30 minute irradiated ^^rus a as then injected as a vaccine mtraperitoneally into 30 da> 
old Saiss mice in the folloaung manner Group 1 received 1 cc in a single injection, 
group 2, an injection of 0 5 cc and 2 da\s later a second injection of 0 5 cc , and group 3 
recened 0 2 cc everj other da> for five injections Group 4 received 0 5 cc in a single 
injection, group 5, 0 25 cc , and 2 dajs later a second mjection of 0 25 cc Group 6 
received 0 1 cc dailj for 3 daj s and finally, group 7 received no vaccine 

3 weeks after commencing vacanation the mice vv ere tested for immunitj by injecting 
them into the gastrocnemius muscle with 0 01 cc of virulent rabies virus in senal two- 
fold dilutions, four mice being employed for each dilution All mice w ere observed 4 
w eeks for signs of rabies 

The vurulence of the virus before irradiation (Table I) proved to be 0 03 cc 
of the lO"* dilution or better Hence the matenal is said to contain 330,000 
mouse doses per cc or more Following irradiation for 20, 30, or 40 min- 
utes, the matenal injected mtracerebrally into mice failed to kill In the 
immunity test, the non- vaccinated mice titred 1 to 1,800 according to the 
method of Reed and Muench (2), whereas the batches of vaccinated mice 
withstood 23 5 and 47 -f- times this amount, mdicating a strong immunizing 
potenev of the vaccine In this expenment, 111,000 or more doses of ir- 
radiated vaccine given by any of the above methods immunized effectively 

Experiment 2 — ^Tissue culture virus was prepared, irradiated, and tested for virulence 
as in Experiment 1 0 5 cc of the 20 mmute irradiated virus was injected as a vaccine 

intrapentoncall> into a batch of 30 day old Swiss mice The 30 and 40 minute prepara- 
tions were hkewnse injected into a second and third batch A fourth batch received 
three injections of 0 5 cc of the 30 minute irradiated vacane and the fifth batch was left 
unvaccinated as controls 3 weeks after commencing vacanation the vaccinated and 
unvacanated mice were given a test dose of virulent virus intramuscularly, as desenbed 
in Expenment 1, and observed 4 weeks for signs of rabies 

The results of this test are shown m Table II The virulence of the virus 
before irradiation proved to be 0 03 cc of the 10~’ dilution Hence the 
matenal is said to contain 33,000 mouse doses per cc Folloiving irradiation 
three of the five mice injected with the 20 minute material succumbed to 
rabies, two of the five injected wuth the 30 minute, and none injected with 
the 40 minute irradiated vnrus Onh this latter preparation was regarded, 
therefore, as non-vnrulent In the immunity test the challenge virus in 
the non-v accinated mice titred 1 to 1,280 The mice vaccinated wuth 16,500 
doses wnthstood three times and those vaccinated wnth 49,500 doses wuth- 
stood thirtv-one times as much vnrus, indicating a strong immunity In 
passing, it max be noted also that, even though most of the vaccine given 
in this expenment contained a trace of vnrulent varus, it v as too small in 
quantitv to affect the immunizing potenev of the matenal (1) 



TABLE I 

Immunt aiton of Mice vntk Graded Doses of Irradiaied Tissue Culture Pasteur Rabies Virus 
Virulence before irradiation (0 03 cc m dilutions intracerebrally) 10“ -3/4* lCH-2/4 10 “^ — 2/4 
‘ following {0 03 cc. undiluted ) 20 minutes - 0/5 30 minutes - 0/5 


Immunity of Vaccinated Mice 


l>ose of vtceme 

Mortality of mice given test vinu Intn 
moscularly (0 01 cc ) in dilations 

'll tret 
of 

virus 

in 

slice 

DlffetK 
in litre 
virus 1 
vacana 
and no 
vaccina 
mice 

1/BO 

1/160 

1/320 

l/MO 

I/I 280 

1/2 560 

1/5 120 

oup 1 

1 cc 1 dose (330 000 uji {) 

0/4 

0/4 

0/4 

0/4 

0/4 

_ 

_ 

<:80 

47+ 

2 

0.5 cc 3 doses 

0/4 

0/4 

0/4 

0/4 

0/4 


— 

<:80 

47+ 

3 

0.2 cc 5 

0/4 

0/4 

0/4 

0/4 

0/4 

— 

— 

<C80 

«+ 

4 

0.5 cc 1 dose (165 000 UJ> ) 

2/* 

0/4 

0/4 

0/4 

0/4 


— 

80 

23 5 

5 

0.25 cc 2 doses 

0/4 

0/4 

0/4 

0/4 

0/4 

— 

— 

80 

23 5 

6 

Olcc 3 (111 000 ) 

0/4 

1/4 

0/4 

0/4 

0/4 

~ 

— 

<:8o 

47+ 

7 

No Ticane 

— 

2/4 

4/4 

3/4 

3/4 

3/4 

0/4 

I 800 



* 3/4 ■* 3 of 4 mice mjected died of rabies f Estimated by method of Reed and Muench (2) 
J Mouse intracerebral lethal doses in vacane pnor to irradiation — — material not tested 


TABLE n 

Immuni atton of Mice mfh Graded Doses of Irradtoted Tissue Culture Pasteur Rabies Virus 
Virulence before irradiation (0 03 cc. in dilutions intracerebrall) ) 10“* - 3/3* 10“^ - 3/3 10“^ ^ 0/3 

following ‘ (0 03 cc undiluted ) 20 minutes - 3/5 30 minutes - 2/5 40 m. 

utes- 0/5 


Immunity of Vecetnaled Mice 


Des« of vaedae 

Mortality of mice given test virus iDtramosculaily 

(ODl cc ) in dDuUees 

Ttret 

of 

vinu 

DlffereiM 
fatiUer 
virus b 
vacttnat 
and non 
vaeaaat 
mice 

1/40 

1/W 

1/160 

1/320 

1/640 

1/1.280 

I/2.S60 

1/5 120 

oup 1 

0.5 cc 1 dose (16.500 un t) Iriadated 20 mla 

4/4 

2/4 

3/4 

2/4 

1/4 

2/4 

— 

_ 

320 

4 0 

2 

Same dose Irradiated 30 mip. 

4/4 

3/4 

3/4 

3/4 

2/4 

0/4 


— 

416 

3 1 

3 

Same dose Imdlated 40 mm. 

3/3 

3/4 

2/4 

3/4 

2/4 

1/4 


— • 

415 

3 1 

4 

0.5 cc. 3 doses (49 500 UJ > ) Irradiated 30 min 

0/4 

1/4 

0/4 

0/4 

0/4 

0/4 


— 

<40 

31 2 

5 

No vaccine 

— 


3/4 

3/4 

2/4 

3/4 

1/4 

1/4 

1 250 



Footnotes the same as m Table I 

TABLE m 


Immunt atton of Mice leith Graded Doses of Concentrated Irradtoted Tusue Culture Pasteur Rabies Virus 
Virulence before irradiation (0 03 cc. in dilutions mtracerebrall>) 10“*-2/2* 10“*-2/2 10“*-l/2 10“®~0/ 
following (0 03 cc undiluted * ) 45 minutes - 0/4 


Immunity of Vacctnoied Mice 


Dote of vaedne 

Mortality of mice given test 
virus intramuscularly (0 01 
cc) ID dilutions 

Tltret 

of 

virus 

in 

mice 

Diffcrenc 
In litre 0 
virus b 
vaccinate 
and son 
vaednate 
mice 

1/80 

1/160 

1/320 

1/640 

1/1 280 

oupl 1.5 ec.,1 dose (49.500 uj)J) 

0/4 

0/4 

0/1 

0/4 

- 

<80 

6.3+ 

2 0 15 cc 1 dose (49.500 MJ> ) concentrated 10 times 

0/4 

0/4 

0/4 

0/4 

— 


64+ 

3 OScc 1 dose (16 600 sen ) 

3/4 

2/4 

1/4 

0/4 

— 

160 


4 OJ ce 1 dose (166 000 «j) ) concentrated 10 times. 

— 

0/2 

0/3 

0/3 

— • 

<160 

3 2+ 

5 0 01 cc 1 dose (3.300 UJ ) co centrated 10 times 

3/4 

3/4 

2/4 

0/3 

— 

320 


6 No vaccloe 

~ 

3/4 

3/4 

1/4 

0/3 

400 



Footnotes the same as in Table I 
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Protocols mth further data are shoBH (Table III), supporting the 
conclusion that approximateh 50,000 irradiated doses of culture virus arc 
required to immunize mice 

Mviiimm Volume and. V^rus Content of Culture Vtrus Required for 
IvmunizaUon of Dogs 

The findmgs with mice led to a rough assaj of the amount of vaccine 
required to immunize dogs The following experiment shows that beagle 
dogs of the sort used in previous work with vacanes (3), weighing 10 kilos, 
or about 500 times as much as 20 gm mice, were not immunized by 75 times 
but were immumzed to some extent by 500 times the mouse dose of ir- 
radiated culture vaceme 

Experiment 3 — Tissue culture virus ivas prepared, tested, irradiated 40 minutes, and 
tested again for virulence as in the previous tests Four beagle dogs, 4 to 6 months old 
and weighing 14 to 16 pounds, each received 450 cc of the irradiated vacane intrapen- 
toneall> and another batch of four similar dogs each received 75 cc Five additional 
dogs w ere set aside as controls 3 w eeks later, each received 0 25 cc of virulent virus 
diluted 1 to 200 (about one lethal dose (3)) mto the neck muscles of the right and left 
sides They were obser\ cd for signs of rabies for 2i months 

The culture virus before irradiation titred 10“* and hence contained 33,000 
mouse doses per cc Following irradiation the vacane was not virulent 
for the mice All five non-vacanated dogs succumbed to the test virus on 
the 12th, 13th, 14th, 23rd, and 34ih days and those receiving 75 cc on the 
ISth, 16th, 19th, and 25th days respectively, whereas of the four receiving 
450 cc , one died of rabies on the 14th and one on the 63rd days, and the 
other tw o remamed well 

In vnew of the fact that dogs such as those used in our tests (3) needed as 
much as 500 cc of irradiated vaceme as prepared to become immune to the 
test \nrus, and hence of a possible relation between weight of ammal and 
amount of x aceme required, attempts were made to secure a virus prepara- 
tion with a greater number of mouse doses per cc Efforts to increase the 
titre of the culture virus hax e thus far been unsuccessful Concentration 
procedures, on the other hand, were encouraging as far as they were 
earned out 

Ejeperttrerl 4 — Tissue culture \nrus was centrifuged at 1,000 p pjj for 5 mmutes, 
tbc supiematant drawn off, tested for xirulencc, irradiated 45 minutes with the mercury 
Mipior lamp, and tested again for virulence 116 cc. of this rclativel> dear matenal, 
free of obxious tissue fragments, were evaporated to dryness at low temperature in 
reduced atmosphenc pressure and then resuspended in distilled water to II 6 cc , or 
one tenth of its original xolume 
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Sixteen mice were injected mtrapentoneally with 1 5 cc o£ the unconcentrated and 
sixteen mice with 0 IS cc. of the concentrated vaccme Moreover, sixteen were injected 
with 0 5 cc. of the unconcentrated and sixteen with 0 5 cc of the concentrated vaccine 
Sixteen mice were given 0 01 cc of the concentrated vaccme and sixteen mice remained 
unvacanated 3 weelts later all mice were tested for immumty by mjecting them m 
tramuscularly with 0 01 cc of virulent rabies virus in graded doses They were observed 
for signs of rabies for 4 weehs 

The results of this experiment are shown in Table HI The titre of the 
virus before irradiation was 0 03 cc of the 10-^ dilution Following irradia 
tion it faded to iill the moculated mice In the immunity test, the virus m 
unvaccinated mice titred 1 to 400 Mice dying from causes other than ra 
bies are not included in the table All mice receiving 49,500 mouse doses in 
a 1 S cc volume (group 1) and in the concentrated 0 15 cc volume (group 
2) remamed well Mice receivmg 16,600 doses in 0 5 cc (group 3) showed 
httle immumty, whereas those receiving 166,000 doses in 0 5 cc (group 4) 
remamed well Fmally, the mice receiving only 3,300 doses were not im 
munized 50,000 or more mouse doses, even in a ten tunes concentrated 
volume, remamed capable of conferring a high grade immunity Similar 
tests have not been performed on dogs 

Minimum Volume and Virus Content of Mouse Brain Tissue Virus Required 
for Immunization of Mice 

Known sources of rabies virus other than tissue culture are limited largely 
to mammahan brain tissue Brain tissue has the advantage of affording 
the largest yield of virus and consequently is the standard source of vac- 
anes, yet it has the concomitant disadvantage of accompanying the virus 
in concentrations of from 4 to 33 per cent Experiments were undertaken, 
therefore, to determine whether virus could be readily separated from brain 
tissue without loss of titre or immunizmg potency 

Comparative titrations on supernatants and sediments of centrifuged 
mouse brain preparations mdicated that speeds of 3,000 R rm for 20 minutes 
removed a large part of the brain tissue without appreaable loss of virus 

Experiment 5 — ^The Pasteur stram of rabies virus was injected intracerebrafly into 
the brains of four 3 weeks old W Swiss mice 6 days later when they became prostrate, 
the brains of two were removed, ground m a mortar, and made up to a 10 per cent 
suspension m water The matenal was then centrifuged 20 nunutes at 3 000 E JAI. in a 
Swedish angle centrifuge The supernatant was removed and the sediment brought 
back to Its onginal volume in serum water Further dilutions of supernatant and sedi 
ment were made and titred intracerebrally in Swiss mice 
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The results of the titrations are shoira in Table IV Both the super- 
natant and sediment titred as usual through the 10~' dilution, indicating 
that as much titrable virus per cc was contained in the relativelj’- clear 
supernatant as in the thick brain-tissue-containing sediment 
Having learned that suspensions of mouse brain virus can be cleared by 
centnfugation vnthout demonstrable loss of virulence, experiments vere 
made to determine the relative immunizing potency of uncentrifuged and 
cleared vaccine 

Experiment 6 — 9 cc of 33 per cent commercial chloroformized antirabies camne 
\ aceme w ere diluted v ith 81 cc of horse serum w ater to make a 3 3 per cent suspension 
40 cc of this suspension w ere used as a vaccine on one batch of mice The remaining 
50 cc were centnfuged at about 2,500 r p m for 15 minutes, after which the supernatant 
became lightly opalescent and largel> free of gross particles This supernatant was used 
as a vaccine on the second batch of mice 


TA-BLE IV 


Comparalne Tilre of Rabies I tnis in Supernatant and Sediment of Brain Tissue Suspensions 
Centnfuged at 3,000 R-P it for 20 Afinutes 


Fate of mice miected intracetcbtally with virus suspensions (0 03 cc ) in dilutions 


Material 



io-« 

10-* 

10-* 

10-1 

Supernatant 

4/4 

4/4 

4/4 

3/4 

Sediment 

4/4 

4/4 

2/4 

3/4 


Each mouse received a total of 1 cc of the given vaccine — one-half of each batch m 
a single dose and the other in five doses of 0 2 cc each 3 weeks later the four batches 
of \’acanated plus a fifth batch of unvacanated mice were tested for their immunity to 
varulent v irus injected in 0 01 cc doses in twofold dilutions into the gastrocnemius muscle 

The results of the test (Table V) show that the test virus m unvaccinated 
mice titred 1 to 1,600 The mice given uncentnfuged material withstood 
at least twentv times and those given centrifuged matenal withstood five 
and twenty times this amount of virus respectivelj Apparently the 
centnfuged supernatant confers an immunity of the same order as that of 
uncentnfuged matenal 

Further expenmen ts showed that vnrus-con taming supernatants pre- 
pared as above could be readil> irradiated until virulence was destroyed 
and V et retain their immunizing potenc>’- 

Expertrret t 7 — Fifteen 3 i etks old W-Swtss mice were inoculated intracerebrallj 
■with 0 03 cc of the rabies Pasteur strain diluted 1 to 100 in serum v ater 6 daj s later 
them ce were prostrate, sacnficed, and their brains removed The brains w ere emulsified 
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with diluent to make a 10 per cent suspension This suspension was then titrated for 
virulence 

18 cc were placed m a quartz flask, 9 cc plus 9 cc of diluent m a second flask and 
finally 1 5 cc. plus 13 5 cc. m a third flask to give final dilutions of 10 per cent 5 per 
cent and 1 per cent for u^adiation Irradiation was then commenced and samples were 


TABLE V 

Itnmunuaiion of Mice utlh Graded Doses of Centrifuged and Uncentnfuged Commercial 
33 Per Cent Cfdoroformt^d Rabies Vaccine 


Immunity of Vaccinated Mice 



Dosed vaccine 

[Mortality otimce given test tms intramuscularly, 
(0 01 cc ) In dllnUons 

TItre 
of vims 
in mice 

Difference 
in tJtreof 
virus in 
vaednated 



1/80 

1/160 

1/820 

1/610 

1/U80 

1/2^ 

l/S 120 

vaednated 

jmee 

Group 1 

1 CC 1 dose 

0/4t 

0/4 

1/4 

0/4 

0/4 



<80 

20+ 

2 

0 2 cc 5 doses 

0/4 

0/4 

0/4 

0/4 

0/4 

— 

— 

<80 

20+ 

3 

1 cc 1 dose (super 
natant) 

3/4 

0/4 

1/4 

1/4 



1/4 

' 

320 

S 

4 

0 2 cc , 5 doses (super 
natant) 

0/4 

0/4 

0/4 

0/4 

0/4 



<80 

20+ 

5 

No vacane 

— 

— 

3/4 

3/4 

3/4 

0/4 

2/4 

1 600 



* Estimated by method of Reed and Muench (2) 
1 0/4 ■= none of 4 mice injected died of rabies 


TABLE VI 


Virulence of Mouse Brain Rahes Virus Follovnng Irradiation unth a Quart Mercury Vapor Lamp 
Virulence of 10 per cent emulsion before irradiation 10~* - 4/4* 10“® - 4/4 10“^ - 0/4 

10-®- 0/4 


Fate o( mice iojectcd witb undiloted nuterlollrradlated 



20 mia 

80 min 

40 min 

50 

SOjnln 

70 min 

80 min 

per ctnl 

10 

4/4 

4/4 

3/4 

2/4 i 

0/4 

0/4 

0/4 

5 

1/3 

0/2 

0/3 

0/4 

0/4 

0/4 

0/4 

1 

0/4 

0/4 

0/4 

— 

“ 

— 

— 


4/4 = 4 of 4 mice injected died of rabies 
— •“ material not tested 


withdrawn for virulence tests at 20 minutes and at 10 mmute mtervals thereafter for 
a total of 80 minutes 

The results of the various vrrulence tests are shown in Table VT 
The virulence end point of the matenal before irradiation proved to be 
0 03 cc of the 10~* dilution The 10 per cent emulsion proved vindent 
after SO rmnutes’ but not longer irradiation, the S per cent after 20 but not 
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longer, and the 1 per cent not after 20 minutes’ irradiation Both the 5 
per cent and the 1 per cent preparations appeared to be as readily inacti\ ated 
by ultra\aolet hght as the tissue culture matenals 

Experiment 8 — A 1 per cent suspension of rabies virus was prepared as above and 
tested for virulence A portion i\as set aside for inactivation with chloroform (Expen- 
ment 10) and a portion irradiated, and samples were tested for virulence at 10, 20, and 
30 mmutes The bulk of the vaceme after 30 minutes’ irradiation was stored in the 

TABLE Vn 

Immunization of Mice with Graded Doses of 1 Per Cent Irradiated and 1 Per Cent 
Chloroformized Mouse Brain Rabies Virus 

Virulence before irradiation (0 03 cc in dilutions intracerebrall>) 10~® - 4/4* 10“® - 4/4 

10-^ - 3/3 10-* - 2/4 

“ following “ (0 03 cc undiluted “ ) 10 minutes - 5/S 20 min- 

utes - 5/5 30 minutes - 
2/10 30 plus 5 minutes - 
0/5 


Immunity of Vaccinated Mice 


Dose of \-aeane 

ilortality of mice given test vims intramuscularly 
(0 01 cc } in dilutions 

Titret 

of 

virus 

Difltrence 
in litre ol 
virus in 

V accineted 
and con 
vaccinated 
mice 

1 

1/10* 

1/20 

1/40 

1/60 

1/160 

1/320 

1/640 

1/1 280 

1/2 560, 

mice 

Eipermcnt S Irradiated vaccine 
Group 1 lpercciil0^cc.(l dSOOOOuJj t) 
irraduted 

1/5 

2/5 

0/5 

0/5 

0/5 

1/5 




10 

' SO 

' 2 t per cent 0 I cc (330 000 VJ) ) 

irradiated 

3/5 

0/S 

1/5 

o/s 

1/5 

0/5 






11 

72 

‘ 3 0 1 per cento 1 cc (33 000U-D) 

irradiated 

1/5 

0/5 

1/5 

2/5 

2/5 

2/5 




[ 

1 

16 

50 

* i No>acanc 

— 


4/5 

4/5 

3/5 

1 

4/6 

4/5 

4/5 

1/4 

800 


Espffirunt JI Chlorofonmicd \accine 
Group I 1 per cent Olcc (330 000 mj)) 

2/4 

2/4 

! 0/4 

3/5 

i 

1/5 

i 

1/5 

1 



31 

26 

2 0 1 percentO Icc (33 000uj)) 

4/5 

3/S 

! VJ 

2/5 

2/5 

1/5 


— 

— 

48 

16 5 


Footnotes the same as in Table I 


ice box to await the outcome of the virulence test The matenal before irradiation 
titred ver> high, — 0 03 cc 10“® — and follow mg 30 minutes’ irradiation was still fatal to 
two of ten injected mice Consequently it was given a second irradiation of 5 minutes, 
8 da>-s after the first This time the preparation proved non-virulcnt 

The vaceme, then 13 da>-s old, was given to mice mtrapentoncally as follows One 
group received 0 5 cc of the 1 per cent suspiension, a second group, 0 1 cc of the 1 per 
cent, and a third group, 0 1 cc of the I per cent diluted ten times to make a 0 I per cent 
suspension 3 weet-s later these mice, together with controls, were tested for resistance 
to an intramuscular mjection of v irulent virus administered as desenbed above 

The results are shown in Table According to the high titre of the 
virus before irradiation, the mice given 0 5 cc of the 1 per cent suspension 
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received at least 1,650,000 doses, those given 0 1 cc , 330,000 doses, and 
those given 0 1 cc of the 0 1 per cent suspension, 33,000 doses In the 
immunity test, challenge virus m the unvacanated mice titred to an end 
point of 0 01 cc of 1 to 800 dilution, the mice vacanated with 1,650,000 
doses withstood eighty times as much virus, those vaccmated with 330,000 
doses, seventy-two times, and with 33,000 doses, fifty times as much virus 
Apparently irradiated mouse brain virus gives clear cut protection in doses 
of 33,000 

TABLE Vm 

Immunuattm of iftee wth Graded Doses of J Per Cent Irradiated Mouse Brain Rabies T tnis 
Vinilence before irradiation (0 03 cc in dilutions intracerebrally) 10“* - 4/4* 10~^ - 4/4 

10-'^-2/4 10-»-0/4 

following (0 03 cc undiluted * ) 35 minutes - 0/6 


Immunity of Vacetnaied Mice 


Dose of vecdoe 

MortftUty of mice Kim test virus intre 
muscultrijr (OCl cc.) in dilutions 

ntret 
of virus 
ifim ce 

Difference 
in litre of 
virus in 
vsconited 
and non 
vaccinated 
mice 

1/10 

1/40 

1/160 

I/MO 

l/:,!60 

No vacane (A) 

5/5 

5/6 

5/6 

1/6 

2/6 

368 


(B) 

5/5 

5/5 

4/5 

1/5 

1/5 

384 


1 per cent 0 2 cc (660 000 lU) f) 

1/6 

0/6 

1/6 

0/6 


<10 

37 5+ 

1 per cent 0 1 cc (330 000 lU) ) 

3/5 

3/5 

0/5 

1/5 


40 

9 6 

0 1 per cent 0 1 cc (33 000 UJ) ) 

5/S 

4/5 

5/5 

0/5 


160 

2 4 

No vacane (C) 

5/7 

4/5 

2/5 

0/5 

— 

40 


1 per cent 0 1 cc (330 000 ild ) 

1/7 

0/6 

1/6 



<10 

4+ 


Footnotes the same as in Table I 


Further tests showed that the critical dose for immunizing these mice 
was roughly in the neighborhood of 50,000, an amount similar to that found 
necessary for tissue culture virus 

Expenmenl 9 — h 1 per cent suspension of rabies virus was prepared as above and 
tested for virulence It was then irradiated 35 minutes and tested agam for virulence 

15 days later the vacane was given mtrapentoneally to mice as follows One batch 
received 0 2 cc. of the 1 per cent vacane and a second batch (A) was left unvacanated 
as controls 5 days later, a second batch of mice was given 0 1 cc. of the vacane, a 
third batch, 0 1 cc of the 1 per cent vacane diluted ten times to make a 0 1 per cent 
preparation, and a fourth batch (B) was left unvacanated as controls At the same 
time another batch ^vas giv en 0 1 cc of the 1 per cent vacane and a final batch (C) set 
aside as controls 

3 weeks following vaccination, the mice were tested for immunity as follows The 
first two senes prepared on the ISth and 20th days were tested mtramuscularly with a 
virulent passage strain and the final senes with a street stram which had received no 
laboratory passages 
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The results are shown in Table According to the \arulence testsi 

the \ acanated mice received 660,000, 330,000, and 33,000 doses of irradiated 
\nrus respectivelj (Table \TII) The unmumty test showed that the test 
\Trus in the non-vacanated mice (A and B) titred to an end point of 0 01 cc 
of the 1 to 368 and 384 dilutions respectivelj , the mice receiving 660,000 
and 330,000 doses of vaccine withstood 37 5 and 9 6 times this amount 
respective!}, indicating a considerable degree of immumtj' Mice vaca- 
nated wnth 33,000 doses withstood 2 4 times as much virus as non-vaccmated 
mice Finall}’', street virus m non-vaccmated mice titred to the 1 40 
dilution and mice vacanated with ^30,000 doses witlistood at least four 
times as much virus, indicating a well marked immunity In short, 33,000 
doses barely immunized the mice, whereas more than this amount gave 
good protection 

Relative Immunizing Potency for Mice of Irradiated and Chloroformized 

Vaccines 

The relative immunizing potencies of irradiated and chloroformized 
vacanes have been compared m five tests Three of these showed no 
striking differences, whereas two show'ed a superiority of irradiated vaccines 

Expcnmenl 10 — A 1 per cent suspension of mouse bram virus was divided into two 
parts, one was spun in a Swedish centrifuge at 3,000 rpm for 30 minutes and the 
other in a horizontal centrifuge at 500 r p m for 5 minutes The supernatants were 
both removed, titrated for virulence, exposed to ultraviolet light for 20 mmutes, and 
18 dajs later 0 25 cc was injected as a vaccine into mice every other day until four 
doses had been given 3 weeks later the vacanated plus the control mice were tested 
for immumtj to an mtracerebral injection of \ irulent street virus 

Both the Swedish and honzontal centnfuge supernatants titred 0 03 cc of 10"’ 
dilution and were non-virulent after 20 minutes’ irradiation The results of the im- 
munity test are shown in Table IX 

This evpenment show s that 1 per cent brain virus supernatants, following 
centnfugation at 500 or 3,000 r P M , remain equally virulent, that they 
maj' be exposed to ultraxnolet light, and rendered avirulent in 20 mmutes, 
and finallj that thej immunize mice m 1 cc doses against at least 10,000 
intracerebral lethal doses of street virus 

Expmrrn 1 11 — This experiment was run in conjunction with Expenment 8 The 
portion of 1 per cent x irus set aside for treatment wuth chloroform received chloroform 
to make a 1 per cent concentration The suspension was then shaken for 2 minutes in 
a mechanical shaker, and for 2 minutes dailj thereafter The material proved virulent 
after 6 da\-s when injected intracerebrallx into mice but not after 11 dal's 

Batches of mice v ere injected with 0 1 cc and 0 1 cc of a 0 1 per cent suspension of 
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TABLE IX 

hnmtini ation oj Utce with Graded Doses of J Per Cent Irradiated Mouse Brain Rahtes \ iruS 
against Intracerebral Test Infection 
Supernatant — honzontal centnfuge 

Virulence before irradiation (0 03 cc m dHutioos mtracerebrally) 10“®* - 4/4 10“® - 4/4 

10-^ - 3/4 10-« - 0/4 

following (0 03 cc Undiluted ) 20 minutes - 0/5 

Supernatant — Swedish centnfuge 

Virulence before irradiation (0 03 cc m dilutions mtracerebrally) I0“® - 4/4 10“® - 3/4 

10-^- 2/3 10-«-0/4 

foUowmg (0 03 cc undiluted ) 20 minutes - 0/5 


Immunity of Vaccinated Mue 


D«e ol vaccine 

UotuHty of mlct given test viras 
Intraccrebrally (0 0] cc ) 
in dilutions 

TItret 
of virus In 
mice 

CiSercDce 
in tiUe 
of vinu In 
vaccinated 
and non 
vaccinated 
mice 


10-1 

lo-t 

10-1 

10-* 

10-* 

No vattine 

lpercent0JScc,,4doses(3 300000uj) J) 

- 

3/3 

4/4 

1/4 

3/4 

10-“+ 


‘Tlonsontal supernatant I 

0/4 

0/4 

0/4 

— 


<I0-' 

10 000+ 

Swedish * 

0/4 1 

0/4 

0/4 

I 0/2 


<10- 

10 000+ 


Footnotes the same as m Table I 


TABLE X 

Immunuation of Mice with Graded Doses of Irradiated and ChloToformued Mouse Brain 
Rahpss Virus 

Virulence before irradiation (0 03 cc lO^’^ dilution mtracerebrall> ) 

followmg (0 03 cc undiluted ) 35 mmutes — 0/6 

Immunity of Vaccinated Mice 



I><»e of vaccine 

Alort&lity of mice given test vinu InUa 
musculaily (0 01 cc ) In dilutions 

TItret 

of 

virns 

in 

mice 

Di^erencC 
in litre 
of virus In 
Ticcmat d 



I/IO 

1/40 

1/80 

1/1(0 

1/3J0 

1/(40 

X/USO 

vaccinated 

Group 1 

No vaccine 

_ 

— 

4/6 

4/6 

2/6 

1/6 

2/6 

250 


2 

0 5 cc. irradiated 
(I 650 000 u D t) 

0/6 

0/6 

0/6 

0/6 

0/6 

0/6 



<10 

25+ 

3 

01 cc irradiated 
(330 000 ILD ) 

0/6 

0/6 

0/6 

0/6 

0/6 

0/6 



<10 

25+ 

4 

0 5 cc chlorofonnized 
(1 650 000 UJ> ) 

0/6 

0/6 

0/6 

0/6 

0/6 

0/6 

; 

<10 

25+ 

5 

0 1 cc chloroformized 
(330 000 iLD ) 

1/6 

0/6 

0/6 

0/6 

0/6 

0/6 

1 “ 

<10 

25+ 


Footnotes the same as in Table I 


the vaccine respectively 3 weeks later these mice together with those given the ir 
radiated virus and the controls, received the test virus intramuscularly m twofold 
dilution 
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The results of the test are shovTi m Table The mice given chloro- 
forrmzed vacane withstood 26 and 16 5 times as much virus as non-vacci- 
nated mice but only one-third as much as the mice given equivalent doses 
of irradiated vaccme respectively 

Expcnment 12 — A 1 per cent mouse brain virus was prepared as m Experiments 7 
and 9 One portion was irradiated 35 mmutes and proved non-virulent by mouse 
inoculation, a second portion vas treated with 1 per cent chloroform and proved non- 
virulent after 15 days 48 days later, batches of mice received a single mtrapentoneal 
injection of 0 5 or 0 1 cc of the irradiated or chloroformized vaccine respectively 6 
w eeks later, all mice, together with unvaccinated controls, w ere given a test mtramuscular 
injection of virulent virus in a dose of 0 01 cc in graded twofold dilutions 

The results are shown m Table X Test virus in the non-vacemated mice 
showed a titration end point of 0 01 cc of 1 to 250 dilution, as contrasted 
with less than 1 to 10 in all vaccinated mice The twenty-fivefold differ- 
ence indicates considerable immunity m both irradiated and chloroformized 
vacane groups 

Rclaltce hnmwnzmg Potewy for Mice of Irradiated Mouse and Dog Brain 

Vaccines 

The next step in developing a vaccine was to compare the titres of virus 
m infected brains of young mice -with those m young guinea pigs, rabbits, 
and dogs Repeated tests showed that dogs alone, injected with virus 
mtracerebrally when 1 month old, ynelded brain tissue with virus titres 
equal to those in mfected mouse brains, namely, 0 03 cc of the 10~® or 10"^ 
dilution Vaccines vere prepared with infected dog brains and results 
obtained which paralleled those with mouse brams 

Experiment 13 — An infected dog brain weighmg 64 gm was homogenized in a mechan- 
ical shaker, diluted with buffer to form a 1 per cent emulsion, titrated for virulence, spun 
m a horizontal centnfuge at 500 R pai for 5 minutes, distnbuted in 35 cc quantities in 
quartz flasks, irradiated 20 minutes wnth ultraviolet light, tested again for virulence, 
and stored in the ice box 3 weeks later, groups of mice were vacemated as follows 
Group 1 received 0 2 cc intrapentoneall> and group 2 received 0 2 cc of the 1 per cent 
raceme diluted ten times A third group received 0 2 cc of a commeraal chloroformized 
vacane, a fourth 0^ cc of the same xaceme diluted ten times, and a final group was left 
unracanated as controls 3 weeks later the immunit> of the mice was tested b> p\ ing 
them 0 01 cc- of street virus intramuscularl> in graded doses 

The 1 per cent centrifuged supernatant titred 0 03 cc of the 10"^ dilution 
and, follovnng irradiation, failed to kill mice Results of the immunity 
test are shown in Table XI The titre of street virus in the unvacanated 
was appro-amatelj 0 01 cc of the 1 to 160 dilution, whereas that in mice 
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TABLE XI 

Immuiii aiion of lUce vnth Graded Doses of Irradiated and Chloroformt ed Dog Brain Rabies Vtrus 
Virulence before irradiation (0 03 cc, 10"^ dilution latracerebrally) 

following (0 03 cc undiluted ) 20 minutes— 0/6 

Immunity of Vaccinated Mice 


Dose of Ticdse 

UorUlity of mlcejdvea lut vims ' 
IntmnuscuUrly (0 01 cc ) 

in dilutions 

TiUet 
of virus In 
mice 

Difference In 
litre of Tints 
in Tsednsted 
tnd non 
Ttccinited 
nice 

1/10 

1 1 

1/160 

Group 1 1 per cent 0^ cc irradiated 

1/9 



<10 

16+ 

j 2 0 1 per cent, 02 cc ir 






radiated 1 

5/9 

4/8 

1/8 

40 

4 

3 20 per cent, 0 2 cc chloro- 






formized 

2/fi 

0/8 

0/8 

<10 

16+ 

4 2 per cent, 0 2 cc chloro- ' 






fonnized 

2/8 

2/8 

1/8 


16 

S No vaonne 

7/9 

5/S 

3/8 

<160 1 



Footnotes tbe same as m Table I 


TABLE Xn 

Immunt alton of Mice vilh Graded Doses of Irradiated Dog Brain Rabies Vtrus 
after 9 Months Storage 

Virulence before irradiation (0 03 cc 10**^ dilution intracerebrally) 

following (0 03cc undiluted intracerebrall>) 30 minutes — 0/6 


Immunity of Vaccinated Mice 


Dose o( vsccine 

UoruU^ of mice flven lest virus intra 
ccreSnlljr (Oni cc ) in dOutJons 

Tllretof 
virus in 
nice 

Difference 
in litre 
of virus in 
vscelnkted 
snd non 
vsednsted 
mice 

lO-s 


ICM 

10-s 

10-* 

lO-T 

101 

Group 1 

No vacane 

_ 

— 

4/4 

4/4 

4/4 


1/4 

m 

■a 


2 

1 per cent 0 25 cc 4 doses 




i 





\ 




irradiated 15-30 mm 

— 

1/4 

l/4i 

1/4 

Em 


— 


10-* 

100 

*' 3 

1 per cent same dose irradi 













ated 90-120 imn 

ES 

1/4 


Em 

0/4 


— 

— 

soil 

10 000+ 

4 

6 6 per cent same dose 













chloroform laed 

— 

2/3 

|2/4| 

3/4 

1/4 


— 

-- 

mm 

10 



MorUlity of mice sivea test virus intn 





nusailsibr (0 01 cc ) in dilut ons 





1/10 

1/40 

1/160 

1/610 

1/3,560 



Group 5 

No vaceme 

3/3 

4/4 

1/4 

1/4 


2/4 

640 


‘ 6 

1 percent 02cc irradiated 













15-30 mm. 

0/4 

1/4 

0/4 

ESI 


0/4 

<10 

6i+ 

7 

1 per cent, same dose irradi 













ated 90-120 mm 

2/4 

0/4 


0/4 


■iSMI 

10 

64 

8 

6 6 per cent, same dose 













chlorofomuaed 

3/4 

1 1 

1 »/4 1 

0/4 


1/4 1 

35 

18 


Footnotes the same as m Table L 
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recemng the 1 per cent irradiated or 20 per cent chloroformized ^ accines 
ivas at least sixteen times, and in mice receiving 0 1 per cent irradiated or 
2 per cent chloroformized \accine, four to sixteen times greater, demonstrat- 
ing considerable immunizing potency of both the 1 per cent irradiated dog 
brain and tlie 20 per cent chloroformized preparations 

A final expenment is submitted to show the effectiveness of tlie 1 per 
cent irradiated dog brain virus after 9 months at ice box temperature 

Experiment 14 — A 1 per cent dog brain virus w as prepared and tested for virulence 
according to the method described in the previous experiment Portions \\ere exposed 
to ultraviolet light for 15 and 30 minutes, and for 90 and 120 minutes Samples were 
tested for \nrulence at ^ amng intervals from 3 to 30 minutes The original matenal 
titred 0 03 cc X 10~^ and at 30 minutes virus failed to kill mice The various samples 
were then stored in the ice box at 40°r 

9 months later, mice w ere treated as follows Group 1 remained unvacemated Other 
groups of mice w ere x'accinated mtrapentoneally m the follow mg manner Group 2 w as 
giv en 0 25 cc of the pooled 15 and 30 minute vaccines every other day four times, group 3 
received the same dose of pooled 90 and 120 minute vaccines, group 4 was given the 
same dose of a commeraal chloroformized vaccine diluted five times, group 5 was left 
as a second batch of controls, group 6 was given a single dose of 0 2 cc of the 15 minute 
irradiated vaceme, group 7 a single dose of 0 2 cc of the 120 minute irradiated vaccine, 
and group 8 the same dose of the chloroformized vaccine diluted 1 to 5 3 weeks later 

the first four groups were tested for immunity to an intracerebral injection and groups 
5 to 8 w ere tested for immunity to an intramuscular injection of virulent virus 

Table XII shows that a total of 1 cc of 1 per cent irradiated dog brain 
vaccine immunized mice against 100 to 10,000 intracerebral lethal doses and 
at least 64 intramuscular doses The chloroformized vacane immunized 
mice against 10 intracerebral test doses and 18 intramuscular doses 

DISCUSSION 

From a practical viewpoint, culture virus has not yet proved a satisfactory 
source of rabies vaccine, due chiefly to its low content of virus To im- 
munize, approximately 1 cc is required for mice and 500 cc for dogs, — 
about 5 per cent of the bod) w eight 

The supernatant of centrifuged brain tissue virus, however, has proved 
a good source of vaccine The virus content of infected brain tissue per 
unit volume is 1,000 times that of tissue culture A 10 per cent emulsion 
can be centnfuged to sediment a large portion of the tissue fragments with- 
out lowenng the titre of virus The supernatant from a 1 to 5 per cent 
emulsion can be irradiated so as to destroy virulence v\ithout loss of im- 
munizing potenev' 0 1 cc of such a preparation immunizes mice ade- 
quatelv , — 0 5 per cent of the bod) weight 
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Altogether the results of these experiments to date suggest that basically 
the immunizing potency of a vaccine is dependent upon virus content, that 
IS, that the immunizing antigen is the virus particle They indicate also 
that one mtracerebral lethal mouse dose of a given strain of virus from tissue 
culture IS eqmvalent in immunizing potency to one dose of the same stram 
from infected mammalian brain Finally, the findings point to a relation 
between number of mouse lethal doses required to immunize and body 
weight 

The 1 per cent irradiated dog brain virus has proved an effective and 
practical vacane for immunizing mice, and equal or superior to chloro- 
fomuzed vacane It is now being tested in dogs with promismg results (4) 

SUMMARY 

In the experiments desaibed above, we found with respect to tissue 
culture rabies virus that 1 cc , which contains approximately 50,000 mouse 
intracerebral lethal doses, properlj irradiated, was required to immunize a 
mouse, 500 cc , vhich contain 25,000,000 doses, were required to immunize 
a 20 pound beagle dog 

Tissue culture virus concentrated ten times proved capable of immunizing 
mice in a dose one tenth as large as that required for unconcentrated culture 
virus 

Brain virus suspensions were centrifuged so as to remove a large part of 
the tissue particles without staking loss in the virulence of the supernatant 
The centrifuged supernatants of 1 to 5 per cent brain virus suspensions were 
irradiated so as to destroy virulence and yet retain immunizing potency 

Irradiated supernatants of mouse brain virus proved capable of im 
munizmg mice as well as or better than similar supernatants treated with 
chloroform 

0 1 cc of a 1 per cent irradiated dog brain virus contaimng approximately 
50,000 mouse intracerebral lethal doses immunized mice effectively 
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ORGAN SPECIFICITY OF TISSUES OF THE DOG AND MAN AS 

SHOWN BY PASSIVE ANAPHYLAXIS IN GUINEA PIGS* 

By G HOWARD BAILEY, M D and SIDNEY RAFFEL, SaD 
{From the Department of Immunoloiy Laboratories of Immunology and Filterable Viruses, 
School of Hygiene and Public Health, The Johns Bopktns Umierstty, Boltmore) 

(Recei\ed for publication, January 17, 1941) 

In previous studies (1, 2) it was shown that prolonged immunization of 
rabbits with sedimented bactenal vaccines grown m mfusion broths pre 
pared from the tissues of different animals, stimulated the production of 
antibodies not only for the bacteria but also for the broths It was demon 
strated that fatal anaphylaxis usually followed the mjection of homologous 
organ broths into guinea pigs passively sensitized with the antisera of rab 
bits immunized m this way Thus, almost complete immunological specific 
ity for broths made from striated muscle and brain was so obtained It was 
found that some of the organ specific substances still remained in infusions 
of these tissues after they had been autoclaved The partial destruction or 
conjugation of the relatively small amoimts of blood m the infusions by such 
treatment, seemed to provide a simple method which gave promise of pos 
sible application to various tissues m an effort to demonstrate organ specific 
ity by the elimination of the numerous cross reactions which are usually 
obtamed m immunological tests with suspensions and extracts of unheated 
cells 

Revieivs of the voluminous literature on recent studies of organ specifiaty earned 
out by vanous methods, ha^e been made by Witebsky (3), Landsteiner (4) and others, 
to which the reader is referred. It should be stated, however that most of these m 
vestigations have been made by means of either the complement fixation or the preapitm 
reaction wth alcohohc extracts of fresh organs Sometimes aqueous solutions or sus 
pensions of fresh tissues w ere used as antigens (5) In a few instances particular protem 
fractions have been tested By serological methods more or less stnet organ speaficity 
has been shown for bram (6 7), testicle (7), kidney (8-10), suprarenal gland (II) pla 
centa (12, 13) epiphysis (14) h>’popbysis (15), stomach and intestine (16) lens and 
intestine (17) leucocytes (18), caremoma andsarwma (19-22) and glioma (23) With 
some organs the speafiaty of antisera has been shown vi vivo either directl> b> the ac 
tion of cytotoxins as m the case of the injection of anti kidney sera for the production of 
nephritis (24, 25) or mdirectl> by the effects on metabolism induced by the injection of 
antisera for thyroid gland and the anterior body of the pituitary gland (26) 

* Supported m part by a grant m aid from the National Research CounoL 
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As to anaphjlaxis, it has supplied a delicate technique for in\ cstigations of organ 
Epecificit> (27) Anaphjlaxis can be observed directly when a verj small amount of a 
specific antigen is injected into a sensitized guinea pig, and indircctlj desensitization can 
be noted with a much smaller amount of the specific substance Active anaphjlaxis 
was used bv Pfeiffer (28) for the studv of the organ specific properties of the proteins of 
the liv er, spleen, kidnej , blood, etc The results seemed to indicate the existence of such 
speaficitj, although Ranzi (29) had previously obtained entirely negative results, and 
Pearce, Karsner, and Eisenbrey (30) failed to confirm Pfeiffer’s claims How ev er, Kraus, 
Doerr, and Sohma (31) found that guinea pigs which had been sensitized to the protein 
of the crystalline lens of one species would react to lens protein in general The same 
thing was demonstrated for testicular protein by von Dungem and Hjrschfeld (32) 
The results m this case, as shown bj the localized reaction of Arthus, seemed to be less 
specific than in the case of lens 

Because of the delicacy of the reaction of anaphylaxis and the numerous 
speaes-speafic cross-reactions which have been obtained with most anti- 
organ sera when aqueous extracts of fresh tissues were used as antigens, 
the method has long been neglected as a technique for the demonstration 
of organ specificity Our own mvestigations on passive anaphylaxis with 
broths, already referred to, seemed to open a new approach to the subject 

EXPERIMENTAL 

In view of the fact that the serological tests carried out by a number of 
mvestigators, had shown more or less speafiaty for different organs, not 
only with lipoids but also wuth whole cells and protein fractions, it occurred 
to us to determine whether such specificity could be generally demonstrated 
by anaphjdactic tests wnth the w ater-soluble hydrolytic products of various 
autoclaved tissues, that is, wnth broths, accordmg to the method previously 
used successfully with broths prepared from striated muscle (1) and 
brain (2) To this end, gumea pigs were passively sensitized wuth anti- 
sera from rabbits to determme (a) tissue specificity of different organs of 
the dog and man, (6) differences m the organ-specific properties of corre- 
spondmg tissues m these two species, (c) relationship of the Forssman 
antigen to organ speaficitj’’, (<f) tissue specificity of human fibromyoma 
and melanotic sarcoma, (c) relationship of the vasculantj of different or- 
gans to their cross-reactions with antisera for whole blood broths The 
passivelj' sensitized guinea pigs were injected with autoclaved extracts of 
vanous organs and, if the animals survnved, thej’’ were injected one hour 
later wuth the homologous extract to determine possible antigenic relation- 
ships bj speafic desensitization 

In the present studv , tw o kinds of fluids hav e been used As antigens 
for the production of tissue-speafic antisera, PasleurcUa hociscpltca v as 
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grown in certain autoclaved organ extracts to which peptone, glucose, and 
sodium chloride had been added The sedimented heat hilled bactena 
only, to which some of the particular broth was probably adsorbed, were 
mjected into rabbits Broth alone in large amounts v.as practically non 
antigenic We have found (1) that a number of other bacteria, as well as 
animal charcoal, kaolm, or collodion particles can be substituted for Pas 
teitrella homsepiica when grown in ordmaiy beef infusion broth or added to it, 
and then centnfuged, heated, and used as vaccmes The antigens for 
anaphylactic tests in guinea pigs were autodaved organ extracts to which 
sodium chloride alone was added 


MetJwds 

Broths for Growth of BacteruU Vacctnes — ^The organs of norma! dogs which had been 
sacrificed by operative ether anesthesia, tvere removed, dissected as free as possible from 
fat and connective tissue cut into small pieces washed under running tap \vater, put 
through a meat gnnder, washed over several layers of gauze with physiological salt solu 
tion, and one part of tissue mixed with two parts b> weight of distilled water After 
standing m the ice box for 48 hours the infusions were autoclaved at 122-124 C for 20 
minutes filtered through gauze and then through paper and 0 5 per cent by weight of 
sodium chloride added to them The filtrates were adjusted to pH 12-1 4 with the idea 
of causmg as much destruction of any common blood antigen as possible by the subse 
quent heating wthout complete destruction of the predominating fixed tissue antigens 
The extracts were steamed in the Arnold sterilizer for 15 minutes filtered through paper 
put mto 200 cc Erlenme>er flasks, and sterilized in the autoclave at 122-124 C for 20 
minutes The final pH of the extracts vaned from 7 0 to 7 2 The extracts of human 
organs were prepared in the same manner The tissues were collected from six different 
individuals at autopsy and at operations None of the materials were obtained from 
persons ivith acute infections 

BacUrtal I acetnes —After the addition of sterile Difco peptone (pH 7 6) and glucose 
to 1 and 0 5 per cent respectively, 100 cc. amounts of the various organ broths \\ere 
inoculated with 0 01 cc. of a 24 hour beef infusion broth culture of PasUureUa bovtsephea 
and meubated at 37 5 C for 48 hours when heavv growths were obtained The cultures 
were centnfuged the supernatants decanted and discarded each packed bacterial sedi 
ment suspended in 10 cc of 0 85 per cent solution of sodium chloride, and heated at 56 C 
for one hour 

Immtmi aiton of Rabbits of mixed Amencan Blue and Dutch stock were 

immunized by two or three eckly injections of increasing doses of 0 05 to 0 5 cc of the 
concentrated bacterial vaccines just described over periods of 6 to 8 weeks until a total 
of 7 5 to 10 cc had been given Each animal was bled SO cc from the ear x eins on the 
8th day and also on the 10th da> after the last injection the serum collected pooled 
merthiolate added to 1 to 10 000 and stored m the refrigerator until needed for passu e 
sensitization of guinea pigs to the vanous organ broths Such antisera had been shm\*n 
to contain antibodies not only for the bactena but also for the broths 

Attitsens for Ampkylachc Tests— The antigens used for anaphjlactic tests uere 
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either from the same lots of autoclaved extracts of organs used for the growth of the bac- 
tenal \’acanes descnbed abo\ e or extracts of other tissues prepared m exactly the same 
waj Peptone and glucose were not added to these antigens Extracts which showed 
turbidity were centrifuged to clear them as much as possible of any gross suspended 

TABLE I 

Spccxfictly of Anltsera for Broths Made from Dsferent Organs of the Dog as Shtrxn by Passtse 
Anaphylacttc Tests scilh Guinea Ptgs Injected xith Autoclaved Aqueous Extracts of 
Various Tissues of the Dog 


Anil broth seniitmng sera and reactions* of guinea pigs to (1) heterologous dog organ 
broth and (2) homologous dog organ broth 


Dog organ broth tested 
lor producUon of shock 

Acti skeletal 
muscle 

Anti heart 

Anti ileum 

Anti lung 

Anti kidney 

Anti blood 


1 

2 

1 

2 

1 

2 


2 

1 

2 

1 

2 

Skeletal muscle 


4+ 

4+ 



4+ 

— 

2+ 

rfc 

zh 

— 

± 

Heart 

4+ 



4+ 

— 

4+ 

- 

+ 


— 

+ 

- 

Diaphragm 

4+ 


4+ 


— 

4+ 

— 

2+ 

± 

— 

- 

+ 

Tongue 

4+ 


4+ 


— 

4+ 


2+ 

— 

— 

— 


Esophagus 

4+ 


4+ 


± 

3+ 

+ 

— 


— 

— 

+ 

Stomach 


4 + 

— 

4+ 


4+ 

— 

2+ 

B 

± 

— 

3+ 

Dcura 


4+ 

+ 

2+ 


4+ 

3+ 

- 

B 


± 

2+ 

Colon, cecum 


4+ 

— 

4+ 


2+ 

+ 

- 


- 


+ 

Bladder 


4+ 

— 

4+ 

+ 

zh 

4+ 


B 

— 

— 

2+ 

Aorta 


4+ 

- 

4+ 

— 

4+ 


- 

B 

— 

± 

3+ 

Lung 


4+ 


4+ 

+ 



3+ 

zii 


± 

— 

Trachea 

— 

4+ 

— 

4+ 

± 

4+ 

+ 

— 

— 

— 

— 

2+ 

Liy cr 


- 

± 

4+ 


4+ 


- 

± 

— 

3+ 

- 

Kidney 

B 

4+ 

± 

3+ 

- 

4+ 

— 



4+ 

4+ 


Pancreas 

B 


— 

4+ 

— 

4+ 

— 

2+ 

— 

db 

— 

3+ 

Spleen 



± 

4+ 

— 

3+ 

- 

2+ 

± 


+ 

— 

Omentum, fat 

B 


— 

4+ 

— 

4+ 

— 

3+ 

B 



2+ 

Ly mph gland 

B 




4+ 

— 

4+ 


+ 

B 

— 


2+ 

Parotid gland 

B 


— 

4+ 

— 

4+ 

— 

2+ 

B 

± 


3+ 

Thy roid gland 

ch 

4+ 

- 

4+ 

- 

4+ 

— 

2+ 

B 

— 


cb 

Testicle 

— 

4+ 

— 

4+ 

— 

4+ 

— 

3+ 


— 


3+ 

Brain 

— 

4+ 

± 

4+ 

— 

4+ 

— 

3+ 



3+ 

— 

Sion 

— 

4+ 

— 

4+ 

— 

3+ 

— 

+ 


± 

B 

— 

Blood (whole) 

— 

4+ 


4+ 

— 

4+ 




B 

■ 

4+ 


* 4+ fatal reaction with death m 2| to 5 minutes, 3+ “ set ere, almost fatal, reaction, 
2-h ■= moderate reaction, + = shght but definite reaction, ± = scrj shght or doubtful reaction , 
— = no reaction The signs, symptoms, and autopsy findings were all typical of anaphylactic 
shock. 

matter Because of the high content of cpmephnn, extracts of suprarenal glands were 
pnmanly toxic by intraxenous injection into guinea pigs and were not used in anaphy 
lactic tests None of the other organ extracts were primarily toxic for guinea pigs 
Anaphylactic Tests — Guinea pigs of 250 to 300 gm in weight \ ere prepared for 
anaphy lactic tests by intraabdominal injection of 2 cc of the antisera for vanous broths 
prey loush described, and tested for piassiy c sensitization after 48 hours by injection into 
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the saphenous vein with 2 cc of autoclaved extracts of different Dssues of the dog and 
man In case the guinea pig hved, this injection was followed one hour later by mjection 
into the same \em or opposite vem with 1 5 cc of autoclaved extract of the homologous 
organ to test for jxissible antigenic relationships which might be shown by desensitixation 

Organ Specificity of Antisera for Broths Made from Different Tissues of the 

Dog 

In order to test the specifiaty of antisera for broths prepared from differ 
ent tissues of the dog, rabbits were immunized as previously described with 
sedimented bactenal vaccmes grown m broths made from skeletal muscle, 
heart, small mtestme (ileum), lung, kidney, and whole blood The re 
suits with autoclaved extracts of various tissues as antigens m anaphylactic 
tests m guinea pigs passively sensitized with the different antisera, are sum- 
marized m Table I Sly antisera and twenty four extracts were used It 
will be seen that the antiserum for skeletal muscle showed practically 
complete specifiaty for striated muscle as demonstrated by fatal reactions 
with gmnea pigs injected with extracts of skeletal muscle, heart, diaphragm, 
tongue, and esophagus, while very shght or negative reactions were obtamed 
with extracts of other tissues The antiserum for heart muscle gave the 
same reactions as that for skeletal muscle with the exception of a definite 
cross reaction with ileum This reaction could not have been due to cer 
tarn amounts of smooth muscle common to both the heart and ileum, be- 
cause no reactions were obtamed with heart antiserum and extracts of other 
tissues contammg large amounts of smooth muscle The antiserum for 
ileum reacted best with the homologous antigen, but definite anaphylaxis 
also occurred m the gumea pigs injected with extracts of bladder and lung 
Smooth muscle is common to these three organs, but it is also present m 
other tissues, extracts of which gave completely negative reactions It is 
possible that the presence of epithehal cells might account for the more or 
less definite cross reactions of esophagus, colon, bladder, lung, and trachea 
with the antiserum for ileum This is further mdicated by the reactions of 
the antiserum for lung with extracts of esophagus, ileum, colon, bladder, 
and trachea Furthermore, m those mstances m which the reactions were 
not fatal, there was complete desensitization to later mjections of the 
homologous extract of lung It should be mentioned, however, that these 
tests were comphcated by the fact that the antiserum for dog lung contained 
Forssman antibodies The hemolytic titer for sheep red cells was about 
2500 and the serum was primarily toxic for gumea pigs, causmg death m 3 
minutes when as small an amount as 0 2 cc was mjected mtravenously 
When mjected intraabdommally with 2 cc of the serum, about 50 per cent 
of the animals died All survived when given 1 cc by this route and these 
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guinea pigs \\cre used m the passu e anaphjdactic tests with this antiserum 
The antisera for other dog organs did not seem to be pnmarily toxic when 
injected intraabdominally in doses of 2 cc , although all of these antisera 
showed hemolytic titers somewhat higher than normal for sheep red cells 
It is possible that the toxicity of the antiserum for dog lung was due not 
only to Forssman antibodies but also to organ-specific antibodies for lung 
itself 

In addition to the almost identical properties of the antisera for skeletal 
muscle and heart which have already been referred to, the special charac- 
tenstics of antisera for kidney and whole blood deserve attention The 
antiserum for kidney gave verj' slight reactions with a considerable number 
of heterologous organ extracts, but it gave a fatal reaction only w'lth the 
extract of kidney itself This antiserum was peculiar, however, m that 
either complete or almost complete desensitization occurred following the 
injections of the passively sensitized guinea pigs w ith any of the extracts of 
\anous heterologous tissues Theoretically, an antiserum for such an organ 
would have a high degree of polyv’alency, although the antibody response 
to any one of the complex rauxture of haptens might be very shght, but 
suffiaent to cause more or less reaction to a corresponding antigen and thus 
desensitization in anaphylaxis In this connection, another antiserum which 
show ed an ex'en greater degree of apparent polyvalency w hich can be more 
easily explained, was that for whole blood Gumea pigs passively sensi- 
tized with this antiserum had fatal reactions when injected wnth extracts of 
whole blood and kidney, severe reactions wnth those from liver and brain, 
and definite reactions wnth extracts of heart and spleen All these organs 
are espeaally well supphed with blood and, smce m the preparation of the 
vanous antigens no attempts were made to wash all of the blood out of any 
of the tissues, some of them probably contamed a good deal of it It is not 
surpnsing then that marked cross-reactions were obtained with the auto- 
cla\ed extracts of some of the tissues mentioned above, when tested against 
the antiserum for blood It is surprising, however, that a larger number of 
cross-reactions were not obtained wnth this antiserum 

Organ Specificity of Antisera for Different Human Organ Broths 

Smce we had been able to demonstrate almost complete tissue specificity 
wnth antisera for a number of different organs of the dog in passu c anaphy- 
laxis by the methods desenbed above, we were interested to determine if 
the same technique could be applied equally well to show immunological 
spccificitv of human tissues If such proved to be the case, it was hoped 
that it would then be possible to compare the anaph> lactogenic properties 
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of normal organs and different lands of tumors of man and animals Ac 
cordingly, antisera for autoclaved aqueous extracts of seven representative 
human tissues were produced by the methods described m a previous sec 
tion of this paper The normal tissues used were skeletal muscle, lung, 
liver, kidney, blood, and placenta Two tumors were available These 

TABLE II 

Specijiaty of Anltzera for Broths Made from Jhjferent Human Ttssues os Shown by Passive 
Anaphylactic Tests With Guinea Ptgs Injected with Autodaved Aqueous Extracts 
of Various Human Tissues 


Aatl-bratli Mr* asJ resftlozu ct gnlan pigs to (1) beie alogousbamen 

afgSB brotlt And (2) homologous husuux orgu broth 


Hiunxn org*n broth tested 
for productioDof shock 
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The signs indicating the degree of shock are to be interpreted as m Table I 


were fibromyoma of the uterus and melanotic sarcoma, the latter from two 
different individuals Seven different antisera were tested with twenty 
autoclaved extracts The results are given in Table II As m the case 
of the tests with antisera for various organs of the dog, the only completely 
and defimtely specific antiserum was that for skeletal muscle This serum 
reacted only with extracts made from organs contammg stnatcd muscle 
The antiserum for fibromyoma reacted only with the extract of this tumor 
but this serum was of low potency and the reachons were shght The ex- 
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tracts made from fibromjoma and uterine muscle had a jelly-like consis- 
tency ^hen first brought from the ice box and became completely liquefied 
only ivhen warmed to about 25°C They appeared to contain a consider- 
able amount of gelatin, but they did not cause colloid shock and were not 
primarily toxic i\hen mjected intravenously mto normal guinea pigs 
Studies earned out by Bailey and Gardner (unpubhshed data) smee the 
completion of these experiments, mdicate that a more potent antiserum 
could have been obtained agamst the extract of fibromyoma if the tissue 
infusion had been adjusted on the aad side of neutrality, at pH 6 7-6 8, 
before each autoclavmg An alkalme reaction of about pH 7 2 was used m 
the present experiments 

Two other anti-human sera which appeared to be almost completely tis- 
sue-speafic were those for kidney and placenta The antiserum for the 
former reacted very shghtly with four different antigens, but there was no 
desensitization The antiserum for placenta gave a slight but definite 
reaction ivith the extract of uterus This cannot be explamed on the basis 
of antibodies for utenne deadua smee the utenne antigen was made en- 
tirely from smooth muscle The antisera for blood, hver, and lung also 
reacted with the extract of uterus It does not seem probable that these 
reactions were due to the antigen of blood, because the utenne muscle used 
was not very vascular and could have had only a small amount of blood in 
It Furthermore, antisera for the highly vascular tissues of lung and liver 
gave no reactions with the extract of whole blood itself It will be noted, 
how ever, that the antiserum for lung gave a defimte reaction with extract 
of hver, and the antiserum for hver produced a fatal reachon with extract 
of lung 

The antiserum for human whole blood gave fatal anaphylactic reactions 
with the homologous antigen as well as with extracts of uterus, placenta, 
lung, hver, and spleen It even reacted slightly wnth an antigen made 
from ox brain m which the blood w'as heterologous We have already men- 
tioned that the antiserum for dog blood produced a severe reaction wnth an 
extract of dog brain It is probable, however, that the cross-reactions of 
certam tissue extracts wnth antisera for whole blood, were due to the rela- 
tn el> large amounts of blood still present m such highly vascular organs 
as the lungs, h\ er, spleen, etc , from which the heated antigens were made 
Extracts of tissues which normally seemed to contam only small amounts 
of blood, gave httle or no reaction with the antiserum for whole blood 

DISCUSSION 

The methods of production of immune sera and carrying out anaphjlactic 
tests used m the present mvestigation proved to be very well adapted for 
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the demonstration of organ specificity By the use of autoclaved extracts 
of aqueous mfusions of various tissues, the numerous cross reactions com- 
monly observed in ordmaiy serological tests with unheated suspensions of 
entire organs or with alcohohc extracts of different tissues, were either en- 
tirely elnmnated or greatly reduced m number The protems of the tissue 
infusions were subjected to hydrolysis by steam under pressure Our work 
IS somewhat similar to that of Fink (33) who studied the proteose fractions 
obtamed by hydrolysis of egg albumin m the autoclave This mvestigator 
found some evidence of very slight antigemc activity by means of comple 
ment fixation, preapitm, and anaphylactic tests with certam of the hy- 
drolytic fractions of egg white The fractions were mjected into rabbits 
and gumea pigs, but were not combined with a bacterial vaccme to serve as 
a earner of the tissue antigen or hapten as was done m the present experi- 
ments to mcrease the immunizing power of the hydrolytic products 
The results of the present study are mterestmg because of the relatively 
high degree of tissue specifiaty which can be obtamed with heated antigens 
It would seem that the subjection of aqueous extracts of organs to steam 
under pressure might maease them immunological specifiaty m two ways 
Zoet (34) has reported the production of artifiaal horse swme “hybnd” 
protein by autoclavmg mixtures of the sera These synthetic or "coupled” 
protems were found to possess one or more serological factors not present m 
horse serum or pig serum In the case of the extracts of tissues used by us, 
the union of organ specific substances with any blood still present might 
produce new specific immunological factors not common to blood, the 
organ itself, or to other organs with different corobmations It should 
be stated m this connection, however, that the findmgs of Zoet could not be 
confirmed by Nigg (35) The other way in which autoclavmg tissues might 
increase their specifiaty would be the destruction of a more thermolabile 
antigen, leavmg some of the greatly predommant organ specific antigen to 
exert its immunizmg or anaphylactic effects when mjected mto animals 
This would be similar to boding sheep red cells to destroy the isophde 
antigen common to both the sheep and the ox, leavmg the thermostable 
heterophde antigen which, m the case of the sheep, is found almost ex- 
clusively m the red blood cells When such boded red cells are mjected 
mto rabbits, highly specific hemolytic sera are produced 
In this connection, it is mterestmg to consider some of the known thermo 
stable antigens which might be distributed throughout the body and, be 
cause of their identity or similarity in different organs, give cross reactions 
m immunological tests and thus obscure the reactions of organ specific 
substances It is known that the blood contams such thermostable anti 
gens derived from protems as shown by the use of boded serum m the 
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production of species-specific antibodies for blood serum Furthermore, 
species-speafic lipoids are thermostable and antigenic under certain con- 
ditions In addition, some hpoid-polj’’saccharide-protein complexes, such 
as the Forssman antigen, are highly thermostable The question noM 
arises as to whether this particular antigen might not interfere with the 
demonstration of organ specificity m the case of some animals in which it 
may be more or less uniformly distributed in all the tissues The produc- 
tion of a serum contaming both organ-specific antibodies and heterophile 
antibodies, with giunea pig brain as the antigen, has been reported by 
Witebsky (36) In complement-fixation tests with such an antiserum and 
alcoholic extracts of vanous organs contammg the Forssman antigen, a 
certain amount of confusion due to cross-reactions is unavoidable In the 
present study, passive anaphylactic tests were carried out with the guinea 
pig which belongs to the Forssman group of animals When the results of 
injections of aqueous extracts of different organs of the dog, all the tissues 
of which contain the Forssman antigen, were compared wuth the results 
obtained wnth extracts of human tissues which do not contain this antigen, 
no definite differences in specificity were apparent It would seem there- 
fore that the particular method of passive anaphylaxis we have employed 
might be apphed successfully for the demonstration of organ specificity 
wnth the tissues of various animals, irrespective of the presence or absence 
of the Forssman antigen or similar ubiquitous substances 

SUMMARY 

The immunization of rabbits for penods of 6 to 8 weeks with sedimented, 
heat-killed x accincs of Pasleurella boviseplica grown in infusion broths made 
from sux different tissues of the dog and seven tissues of man, caused the 
production of sera containing antibodies for the broths as well as for the 
bacteria The broth made from human fibromyoma of the uterus was the 
least antigenic of all, as indicated by passive anaphylactic tests in guinea 
pigs \Mien these animals xxere prepared by intraabdominal injection 
wnth the rabbit antisera and tested 48 hours later by intravenous injection 
with autoclax ed aqueous extracts of a large number of organs of the dog and 
man, the guinea pigs xx ere found to be passively sensitized so that severe 
or fatal anaphjlaxis was generallj obtained with broths made from the 
homologous organ and in some instances w ith those prepared from heter- 
ologous organs of the same species In most instances, the injection of 
broths from heterologous tissues did not desensitize to later injections of 
that from the homologous tissue The most organ-specific antisera xxere 
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those for stnated muscle, small mtesUne (ileum), lidney, placenta, and 
fibromyoma, and the least so those for -whole blood, liver, and lung The 
cross reactions of the antiserum for blood were mostly with extracts of 
tissues which normally contam large amounts of blood The presence of 
Forssman antigen m the tissues of the dog did not mterfere wth the demon 
stration of organ specificity by the methods used In general, the results 
indicate that the vanous tissues of man and the dog contain thermostable, 
water soluble, organ specific substances which can be demonstrated by 
passive anaphylaxis in gumea pigs The chemical nature of these sub 
stances has not been definitely determined, although there are some indi 
cations that they are protem split products, probably proteoses 
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The observations of Much (14) and Rosenthal (16, 18) appear of speaal 
interest smce these workers reported that their strains exhibited lytic 
activity not only against Gram-positive organisms, but also against Gram- 
negativ'e speaes An effort w'as therefore made to isolate from natural 
sources strams of aerobic sporulatmg baalh possessmg the biological ac- 
tivities of the cultures studied by Much and Rosenthal 

Isolahon of Aerobic Sporulahiig Bacilli Exhibiting Bactericidal Activity 

The matenal (soil, sewage, manure, cheese, etc ) to be investigated for the presence 
of aerobic, spore-fonnmg antagonists was heated at 70°C for 30 minutes to destroy the 
non-sporulating forms The heated material was then inoculated into suspensions of 
living cells of Escherichia colt or Staphylococcus aureus, these bacterial suspensions, 
containmg approximately 5 X 10® cells per cc , were prepared by resuspending the 
bacterial cells centnfuged from 8 hour old broth cultures into phosphate buffer (m/1S) 
at pH 7 3 Frequent microscopic and cultural tests w ere made in an attempt to deter- 
mine the presence of an antagonistic flora capable of destrojang the staphylococci or 
colon baalh Cultures exhibiting antagonistic activity were immediately inoculated 
into new suspensions of living cells of the same test organisms In all cases it was found 
that the addition of small amounts of peptone or gelatin (0 01 per cent) to the bacterial 
suspension greatly accelerated the disappearance of the staphylococci or colon bacilli 
Under opUmum conditions, complete disappearance of the staphylococa could often 
be observed m 18 to 24 hours at 37'’C , it usuallv took 48 to 72 hours to cause the de- 
struction of the Gram-negative baciUi At this stage isolation of the active strain of 
antagonist was readily obtained by heatuig the mixed culture at 75°C , and plating it 
on peptone agar 

Many different strams of aerobic sporulatmg baciUi endowed with prop- 
erties antagonistic to other microorganisms were isolated by the use of 
this technique, 7 from soil, 3 from manure, 2 from sewage, and 2 from 
cheese, all were found active agamst Gram-positive microorganisms and 
also, but to a smaller degree, agamst Gram-negative baalh It was also 
possible to obtam from the Culture Collection of the Lister Institute, Lon- 
don, through the courtesy of its curator. Dr St John Brooks, 6 of the 
Tyrothrix cultures isolated by Duclaux m 1887, and tested by Rosenthal 
As described by the latter worker, the Tyrothrix cultures — especially 
Tyrothrix scaber — were found to exhibit bactericidal properties, although 
they appear much less active than the cultures isolated in the present work 
Finally , it w as found that Bacillus brevis (stram B G ) from which gramicidin 
was first isolated, can also cause the destruction of Gram-negative bacilli 
resuspended m very' dilute (0 003 per cent) peptone solutions 

A complete descnptiv e study of these different strains of aerobic sporu- 
lating baalh has not been earned out, it can be stated, however, that they 
appear to belong to different bactenal speaes since they differ m many 
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morphological, cultural, and physiological characteristics such as staming 
reactions, morphology, colony appearance, manner of growth in broth, 
mhibitory eflfect of glucose, thermophihc properties, hquefaction of starch, 
production of bactencidal substances, etc 

Separation of a Soluble Bactericidal Fraction by Extraction of the Cultures 
with Ethyl Alcohol 

It has been shown elsewhere (5) that the bactericidal pnnaples produced 
by Bacillus brems can be obtamed m solution by extractmg the cells or 
peptone cultures of this organism with ethyl alcohol or acetone at acid 
reaction The following experiments desenbe the procedures used to 
prepare alcohohe solutions possessing bacteriadal activity, from cultures 
of several of the organisms mentioned m the preceding chapter 

The cultures were grown in tw o different media (a) 1 per cent tryptone 0 5 per cent 
NaCl tap water — pH 7 0, and (b) i per cent gelatin 005 per cent WgSOr 0 2 per cent 
KHjPOr 0 4 per cent NajHPOr 0 5 per cent NaCI tap water — pH 7 0* The media were 
distnbuted m shallow' layers (2 cm thick) and autoclaved at 15 pounds pressure for 30 
minutes They were inoculated with peptone cultures of the selected organism previ 
ously heated at 75 C , 0 5 cc moculum was used per hter of medium Incubation was 
allowed to proceed lor 6 days at 37“C 

At the end of the mcubation period the cultures were adjusted to pH 4 7 with con 
centrated HCl this reqmred 3 5 to 4 5 cc of aad pet liter of culture The aadified 
cultures were allowed to stand for 24 hours at room temperature, they were then centn 
fuged and the supernatant fluid discarded The precipitates were taken up m 95 pet 
cent alcohol, using 50 cc of this solvent per liter of original culture On the follow mg 
day the alcohohe solutions were clarified b> filtration through filter paper they were 
then dUuted with 10 volumes of 1 per cent solution NaCl m tap water A preapitate 
formed which contamed the active prmaple it was separated bv filtration and desiccated 
over PjOi tn mau The yield of precipitate vaned markedly from one culture to 
another the largest yields were recovered from cultures of Bacittas brevis fstram B G ), 
of culture TC* (isolated from a Turkish cheese) and of culture LBa' (obtamed from 
serfage) Up to 500 mg of dry material was recovered from 1 hter of culture of these 
organisms 

The dried material was dissolved m 95 per cent alcohol to giv e solutions 
contammg 20 mg per cc The alcoholic solutions, diluted m distilled water 
give opalescent colloidal solutions which preapitate on addition of electro 

* IVhen purified gelatin was used, growth was much straiulated b> the addition to the 
medium of small amounts of yeast extract or meat infusion which probablj supphed some 

accessory growth factors , , ,r t r t 

* Cultures T C and LBa were isolated at the laboratory of the Hospital for Inapicnt 
Tuberculosis Ray Brook New lork, in cooperation with Dr D \agin and Mr L 
Baisden 
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e\hibits bactenadal activity against both test organisms, resuspended in 
buffer solutions This correlation between the reaction of the cell to the 
Gram stam and its differential susceptibility to gramiadm has been ex- 
tended to a number of other bacterial species, pneumococci, streptococa, 
staphylococci, diphtheria and diphtheroid baalli, aerobic and anaerobic 
sporulatmg Gram-positive baalli, have all been found to be susceptible to 
both gramicidm and tyrocidine On the contrary, the following Gram- 
negative groups, Eschenchta, Klebsiella, Shigella, Salmonella, Eemophilus, 
Neisseria, are resistant to gramicidin but susceptible to tyroadine 

Another generalization appears justified at the present time Treatment 
with tyxocidme often results m the lysis of the bacterial cells (streptococci, 
diphthena and diphtheroid bacilli are an exception to this rule) On the 
contrary, when the cells of susceptible bactenal species are treated with 
gramiadm, they retam their charactenstic morphology and stammg reac- 
tions long after they have lost the capacity to grow when moculated into 
plam broth or on plam agar 

It is also apparent from the results presented m Table I that both 
gramicidin and tyroadine are more effective when tested in buffer solutions 
than m the presence of the constituents of meat infusion peptone broth 
In particular, the activity of t}Toadine agamst E colt (and other Gram- 
negative bacilh) IS remarkably mhibited when the bactenal cells are re- 
suspended m peptone solutions or meat mfusion peptone broth 

The Aclmly of Gramicidin and Tyrocidine against Bacterial Infections 

As reported elsewhere (9, 10), the intrapentoneal injection of gramicidin 
exerts a protective action agamst mfection of mice with pneumococci and 
streptococci , gramiadm is meffective in vitro agamst Gram-negative bacilh 
and also fails to protect mice agamst mfection with Klebsiella pneumoniae 
T>TOcidine, on the contrary, can be shown to exert a bactericidal effect 
in vitro agamst Gram-negative as well as Gram-positive microorgamsms, 
however, all attempts to obtain a protective effect with this substance 
agamst Gram-negative infections have so far failed 

Varjnng amounts of tjurocidine have been administered to mice by the 
mtrapentoneal, subcutaneous, intravenous, or oral routes, and failed to 
protect these animals agamst mfection with Klebsiella pneumoniae or 
Salmonella aertr^cke In fact, the feedmg of large amounts of tyrocidine 
to mice even faded to modify the normal Gram-negative intestinal flora 
It can be stated m passing that large amounts of young active cultures of 
aerobic sporulatmg baalh {Bacillus brevis strain B G , culture T C , and 
Tyotlrix scaber) have been fed to mice and gumea pigs m an attempt to 
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modify the mtestmal flora as suggested by Rosenthal (17), it was indeed 
possible to recover these bactenal speaes from the feces for a number of 
days or even weeks after these cultures had been fed to guinea pigs, showing 
that the sporulatmg bacilli had become estabhshed m the mtestmal tract 
There was also defimte indication that the Gram positive components of 
the normal mtestmal flora had been displaced by the aerobic sporulatmg 
baalh, but m no case could we observe any significant reduction of the 
number of cohform baciUi 


TABLE n 


Tht ProleeUve Eject of Gramtctdtn* and Tyroctdtne against Infection of iitce uttk 
Type I Pneumococcus 


Treatment ^trapen ] 





InfecUss dose of pnetuDococaf 






10-4 



lO-T 

10-* 

Graimadin 

0 025 : 

S 

S 

S 

S 

s 

S 




0 01 1 

S 

S 

S 

S 

s 

s 

— — — 

— — 


0 005 , 

S 

s 

S 

S 

s 

s 

— — _ 

— — — 


0 002 

s 

s 

s 

S 

s 

s 

— — — i 

— — — 

Tyroadme 

0 250 

D4 

D5 

s 

S 

s 

s 

_ _ _ 

— — 
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D5 

S 

s 

S 

s 

s 

— — — 

— — — 


0 050 

D4 

D4 

DS 

S 

s 

s 

_ — — 

— — — 


0 025 

D2 

D2 

D4 

D4 

D5 

D5 

— — — 

— — — 

Controls 

0 







D2 D4 D5 

D4 m DS 


* In thin particular eipenmcnt all mice treated with gramiodin were abve and well when 
discarded 9 days after inoculation Usually a few scattered deaths are observed whatever the 
dose of gramladm used for treatment. 

t S survival of the ammaL 

D ■■ death Numeral mdicates number of days elapsmg between inocu 

lation and death. 

All these observations would mdicate that, like other classical antiseptics, 
tyroadme is essentially meffective tn mvo Surpnsmgly enough, however, 
crystalhne preparations of this substance can exert a definite protective 
action agamst pneumococcus infections in mice This is illustrated m the 
foUowmg expernnent 

Mice Here infected intrapentoneallj with 10 000 fatal doses of Pneumococcus Type I 
within 15 nimutcs after mfection they were treated intrapcntoneally with varying 
amounts of gramiadm or tyroadme diluted tn distilled water 

The results presented m Table n show that one smgle mjection of 0 050 
to 0 100 mg of tyroadme administered mtrapentoneally is sufficient to 
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protect mice against 10,000 fatal doses of pneumococcus, tyrocidine is 
hoivever much less active than gramiadm, smce the same protective effect 
could be obtamed with 0 002 mg of the latter substance 
Gramicidin and tyroadine differ m many other biological properties, 
for instance 0 3 to 0 5 mg of gramicidin mjected mtrapentoneally is suf- 
fiaent to kill a 25 gm mouse in 48 hours, 2 mg of tyrocidine is required 
for the same to-ac effect, the latter substance therefore is less toxic than 
the former but it -will be recalled that it is also much less effective against 
the Gram-positive bactenal cell both m vitro and in vioo 


TABLE m 


Eemolyitc Acttvtly of Gramscidtn and Tyrocidmc tn Vtiro 


Boctenadil agent 


1 cc of 10 per cent washed red cells— Hemolysis after 
incubation for the following lengths of time 




IS ndn 

3 hrs 

Shn 

2« hra 

Gramiadm 

0 400 






0 200 



— 

— 


0 100 

— ! 

— 

— 

— 

1 

0 050 


— 

— 

— 


0 020 

— 

— 

— 

— 

Tyroadme 

0 400 

++++ 

++++ 

-h-l— 1-+ 

++++ 


0 200 

++-{-+ 

++■1 — h 

++++ 

++++ 


0 100 

-1— h-h 

1 -h++ 

+++ 

+++ 


0 050 

4- 

+4- 

4-4' 

++ 


0 020 


+ 

+ 

4* 

Control 

0 

- 

- 

- 

- 


++++ “ complete hemolysis 
— = no hemolysis 


Studies of the effect of gramiadm and tyrocidine on the physiological 
functions of the susceptible bactenal cells have also revealed profound 
differences m the mechanisms of action of the t^\o substances, these studies 
will be reported later At this time, mention will be made only of the effect 
of the two bactenadal substances on the mammalian erythrocyte 

nerrolyhc Aclion of Gramadtn and Tyrocidine m Vitro — Rabbit cr>throc>tes i cre 
■washed free of serum and resuspended in a xolume of 5 per cent aqueous solution of 
glucose sufnaent to gi\e a concentration of cell, corresponding to 1/10 that of the 
blood Graded dilutions of gramiadm and tjroadine in 10 per cent glucose ere added 
to the cell suspension and the mixtures incubated at 2>TC Hcmol>3is readmgs vere 
made after 15 minutes, 3 hours, S hours, and 24 hours incubation 
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As shown m Table m tyroadine causes an immediate hemolytic effect 
which does not increase appreaably with prolonged mcubation On the 
contrary, no hemolytic effect could be observed with gramicidin, even after 
24 hours mcubafaon 


DISCUSSION 

The antagonism exerted by certam types of microorganisms agamst 
other microbial speaes is a fact of common observation (12, 20) but the 
mechanism of the antagonistic action may vary so profoundly from one 
case to another that it hardly permits of any general systematic formulation 
“Antibiosis” (12) may be due, for mstance, to competition for oxygen or 
other essential nutnents, to hberation into the culture medium of acidic 
or basic products which mterfere with growth, to the production of other 
metahohtes which may kdl the cells, etc , etc The antagonistic action 
of certain aerobic sporulatmg orgamsms discussed m the present paper, 
offers on the contrary a fairly well defined entity From a great variety 
of sources (sod, sewage, manure, cheese, etc) strams can be isolated of 
aerobic sporulatmg bacilh, differmg m morphological, cultural, and physi 
ological characteristics, which all produce m peptone media an alcohol- 
soluble, water msoluble fraction endowed with bactericidal activity 
Among the first saprophytic, aerobic sporulatmg bacilh to be described, 
were those isolated by Dudaux (6) from Cantal cheese, on account of their 
ongm, Dudaux gave to these orgamsms the genenc name of Tyrolhnx 
(now to be placed m the genus Bacillus) In 1925 Rosenthal (16, 18) 
showed that the strams of Tyratknx isolated by Dudaux slowly release 
mto the culture medium a substance endowed with lytic and bacteriostatic 
activity The antagonistic action recognized by Rosenthal was probably 
due to the alcohol soluble, water msoluble fraction descnbed m the present 
and other reports The name tyrothncm has been proposed for this al 
cohol soluble, water msoluble fraction (10) 

Tyrothncm has now been obtained by growmg different species of aerobic 
sporulatmg bacilh on several media, (a) tryptone solution, a medium nch m 
tyrosme and tryptophane, (b) gelatm solution, a medium defiaent m these 
aromatic ammo aads, (c) synthetic media, consistmg of mixtures of ammo 
aods, with or without tryptophane and tyrosme The yields of tyrothncm 
have vaned considerably on the different media with the different organisms 
It seems worth reportmg that very large yields have been obtamed by 
growmg Bacillus brevis (stram B G ) in a gelatm medium Smce gelatm is 
defiaent m aromatic ammo aads, and since tyrothncm is nch m tyrosme 
and tryptophane, it is evident that the orgamsm is capable of rapidly syn 
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thesizmg large amounts of these aromatic ammo acids It mil be recalled 
also that many of the ammo aads which constitute tyrothncm are of the 
unnatural d-type, since the d-ammo acids are not present m gelatin, it 
appears that these substances are also synthesized by the bacillus in the 
course of its growth 

Crude tyrothncm is bactericidal in vitro not only against Gram-positive 
microorganisms, but also against Gram-negative species Failure to recog- 
nize this fact m earlier publications was due to the following reasons (o) 
the activity of the crude product is very much greater against Gram-posi- 
tive than against Gram-negative species, (b) the activity against Gram- 
negative bacilh IS markedly inhibited in the presence of broth constituents, 
and all the earlier bactencidal tests were earned out directly in broth 
cultures 

Tjnothncm, prepared from Bacillus brevis (strain B G ) has yielded two 
crj’^stallme products, the chemical nature of which has been outlined else- 
where (9, 10) One of these substances has been called gramicidin on 
account of its selective bacteriostatic and bactericidal effect against Gram- 
positive microorganisms The other substance is an organic base which 
has been called tyroadine to recall the generic name of Tyrothrix and because 
the substance is nch m the amino acid tyrosine 

In spite of their common ongm and of the fact that both substances are 
polypeptides, gramicidin and tyrocidine differ not only in certain chemical 
properties, but also in biological activity Gramicidin is effective only 
against Gram-positive microorganisms, tyroadme, when tested in buffer 
solution m the absence of broth, affects both Gram-positive and Gram- 
negative species Tyroadme causes immediate hemolysis of washed red 
cells, whereas gramicidm has no hemolytic effect Tyroadme also causes 
lysis of many bactenal species, there is definite evidence, however, that the 
Ij tic effect m this case is not a direct one, but is only a secondary autolytic 
process which follows upon death of the cell (2) 

Although the effect of gramicidin is to some extent inhibited by the 
presence of peptones and serum, this inhibitory effect is especially marked 
m the case of tyroadine, in fact, it is very dilScult to recognize any effect 
of t^Toadine on Gram-negative baalli w'hen these organisms are suspended 
m peptone solutions 

It will be shown elsewhere that tjToadme immediately destroys the 
metabohe actmtj not onl> of bactenal but also of animal cells This 
effect can be recognized by the immediate loss of oxj’gen uptake, of aad 
production, of reduemg ability On the contrary these essential metabolic 
fimcUons are respected b> gramiadin e\ en in the case of the most susceptible 
bactenal cells 
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All available evidence, therefore, indicates that tyrocidine behaves bbe 
a general protoplasmic poison, whereas the effect of gramicidin is of a much 
more subtle nature In fact it will be shown elsewhere that the effect of 
gramicidin is to some extent reversible For mstance staphylococa “killed” 
with gramiadm and which are imable to grow on meat infusion peptone 
media can be made to grow m the presence of certam tissue components (1) 
Smce gramiadm is not a gross protoplasmic poison, and since it is less 
mhibited by peptones than are most antiseptics, it becomes easier to under 
stand why under certam conditions it retams much of its activity in the 
presence of animal tissues In fact, gramicidin, when applied locally at 
the site of the mfected area, does exhibit a defimte activity agamst mfection 
with pneumococa and streptococa (9, 11, 12) It appears, however, that 
gramiadm is almost completely inactive agamst systemic mfection when 
mjected mtravenously (4) Whether this ineffectiveness is due to physical 
properties which prevent diffusibility of the substance throughout the 
tissues or whether it is due to the inhibitory effect of tissue components upon 
its activity, cannot be deaded at the present tune 
Tyroadme, although mactive agamst mfection with Gram negative baalh, 
appears to exhibit definite activity agamst pneumococcus infection m mice 
The results reported m Table II have been obtamed with preparations re- 
crystallized several times and can hardly be explained by a contamination 
of tyroadme with gramiadm Tyroadme is much less active than 
gramiadm agamst pneumococcus infections m mice, on the other hand, 
when tested in intro agamst these same miaoorgamsms resuspended m 
buffer solutions, tyroadme is almost as active as gramiadm This dis 
aepancy appears of special interest smce it offers a concrete example of 
two substances havmg a common origin, definite smiilanty m chemical 
structure, but differmg widely m “chemotherapeutic” action It is hoped 
that a comparison of the chemical structure of the two substances, and a 
knowledge of the mechanism of their physiological action agamst bacterial 
and tissue cells, may throw light on some of the factors which govern the 
effectiveness of antiseptic agents m the animal body 

SUMMARY 

Several species of aerobic sporulatmg baciUi recently isolated from soil, 
sewage, manure, and cheese, as well as authentic strams obtamed from 
type culture collections, have been found to exhibit antagonistic activity 
agamst unrelated miaoorgamsms 

Cultures of these aaobic sporulatmg bacilh yield an alcohol soluble, 
water msoluble fraction, — tyrothnon, — which is bactencidal for most 
Gram posihve and Gram negative miaobial speaes 
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Two different crystalline products have been separated from tj rothricin 
One, which may be called tyroadme, is bactenadal in vitro for both Gram- 
positive and Gram-negative species, the other substance, gramicidin, is 
effecti\e only against Gram-positive microorganisms In general, ty- 
rocidme behaves like a protoplasmic poison and like other antiseptics, loses 
much of its activity in the presence of animal tissues Gramicidin on the 
contrary everts a much more subtle physiological effect on the susceptible 
bacterial cells and, when applied locally at the site of the infection, retains 
m VICO a stnkmg activity agamst Gram-positive microorganisms 

Addendum — Heilman and Herrell {Proc Sac Exp Biol and Med, 1941, 4G, 182) 
have recently described a marked hemoljtic effect of gramicidin m tissue culture, 
whereas, in the experiments reported m the present paper, no hemolysis was observed 
when washed sheep red cells were resuspended in isotonic glucose solution We have 
now estabhshed that gramicidin does indeed cause a slow hemolysis of erythrocytes 
resuspended in buffer or saline solutions, but the addition of small amounts of glucose 
to the system is sufficient to prevent any hemolytic action 
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The isolation of three different etiologic agents from atypical bronchopneumonias 
has recently been reported Dyer, Topping and Bengslon (1) have described an out 
break, of pneumomtis apparently resulting from laboratory infections in which the 
rickettsiae of American Q fever were shown to be the cause Weir and Horsfall (2) have 
reported infection of the mongoose with a filterable agent from cases of at>T>icaI pneu 
moma In 1939, Stokes Kenney and Shaw (3) isolated from the nasopharyngeal wash 
mgs of a patient with bronchopneumonia by moculation of ferrets and mice a virus which 
produced pneumonia and encephalitis m ezpenmental ammals 

In descnbmg the clinical manifestations of atypical bronchopneumonias some authors 
(4, 6) have considered psittacosis in the differential diagnosis A comparison of the 
cases described by Reimann (4) Kneeland and Smetana (6), and Longcope (7) with cases 
of recognized psittacosis (8) in some instances reveals cluucal similarities However, 
the cases described by other authors (1 2 16) were milder and showed less similarity 
to psittacosis Apparently transmission of the infectious agent from one human bemg 
to another occurs quite readily imder certam conditions In some outbreaks several 
cases have occurred in a senes mdicatmg repeated direct human to-human infections 

This paper will describe the isolation of a psittacosis lile vinis from four 
cases of atypical pneumonia The properties of this agent differed m certam 
respects from those of the ordmary strains of psittacosis The new strain 
of virus IS antigenically related to, but not identical with, the stram of virus 
isolated by Francis and MagiU (5) and named by them the virus of memngo 
pneumonitis Both of these strains are also antigemcally related to psitta 
cosis virus from parrots 

Maiertals and IfeHiods 

The SIX cases studied were all caimected epidemiologically A brief summaiy is given 
to make clear the sources of material Case 1 entered a hospital m San Francisco on 
Mar 8 1940 after having been ill for approximately 1 week with an influenza like disease 

•The studies and observations on which this paper is based were conducted with the 
support and under the auspices of the International Health Division of The Rockefeller 
Foundation and m cooperation with the California State Department of Public Health 
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Examination rexealcd a bronchopneumonia mth pleuns\ and effusion On Mar 18, 
the patient died The cause of death was gi\en as influenzal bronchopneumonia No 
autopsy was performed Contact with parrots or other psittaane birds could not be 
demonstrated bv questioning the famiU of the patient * Cases 2, 3, and 4 were nurses 
who took care of case 1 and contracted a similar illness wnth pneumonia All became 
ill betw ecn Alar 25 and 27, and tw o died on x\pr 7 Specimens of lung, liv er, and spleen 
obtained at autopsj from cases 2 and 3 were sent to our laboratorj - Case 4 recovered 
after a se\ere illness Cases 5 and 6 were laboratori' workers who contracted a disease 
similar to that of the previous cases, apparenth as a result of infection with the agent 
isolated from the lungs of cases 2 and 3 Case 5 became ill on Aug 11, 1940, and rc- 
co\ered after an illness lasting approximatclj 3 weeks Case 6 became ill on Aug 16 
and recovered after a prolonged illness of about 6 w eeks Throat w ashings, sputum, and 
blood from these two cases were studied 

In all six patients the disease was charactenzed b> an onset with influenza-like symp- 
toms lasting 2 to 6 daj s accompanied bv gastrointestinal complaints, severe hcadaclie, 
and in one case signs of meningeal irritation All cases developed a bronchopneumonia 
of varymg extent which was not detected until several days after the onset of the illness 
The temperature was high and usuall> continuous and the pulse rclativelj slow One 
case had an mtenmttent fever, then an afebrile penod follow cd bj a mild relapse and 
later b> a migrating arthritis The white blood count was normal or onlj slightly ele- 
vated Sputum examinations revealed no significant bactena Chmcally the disease 
w as similar to mana of the cases of at>'pical pneumonia described in the literature (4, 6, 7) 
Atuinal Inoculahon — Mice and Synan hamsters {Crtccltts auraltu) were inoculated 
intranasall) , mtracerebrally, and intrapentoneally , guinea pigs intraccrebrally and 
intrapentoneally , rabbits intrapentoneall} , and Jaaa ricebirds {Mvmo oryzirora) intra- 
muscularlj Intracerebral and intranasal inoculations w ere done under ether anesthesia 
Complement Fixation Tests — Antigen was prepared from the infected lungs of mice 
ba gnnding aanth alundum and saline The resultant suspension was centrifuged at 
1,500 R p M to remove large particles It was used in the tests unheated at a concentra- 
tion of 2 per cent wet mouse lung Normal control antigen was similarly prepared from 
normal mouse lungs The test in other details avas identical aaith that used for influenza 

Isolalion of Virus by Inlranasal Inoculation of Mice 

Intranasal inoculation of tavelve mice with unfiltered suspension of 
lung obtamed at autopsy from cases 2 and 3 resulted in no apparent ill- 
ness, but when the animals aaere sacrificed on the 7th day many small 
round bluish grey focal lesions avere found in the lungs of all mice The 
appearance of these lesions in tissue section under low and high magnifica- 
tion IS shown in Tigs 1 and 2 No similar lesions were seen in the lungs of 
mice which had been inoculated wath various other materials or m normal 

'Epidemiologcal in\ estigations were done under the direction of Dr J C Geiger, 
director of public health for the atj of San Franasco 

-Through the kindness of Dr A M Mood> and Dr W T Cummings of the Southern 
Paafic Ho'p tal 
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of suspensions of livers and spleens of mice by the intrapentoncal route at 
vanous intervals of tune had no effect except that when passage was done 
at an interval of about 20 days, enlarged spleens and slight peritoneal 
exudates were noted in some of the mice However, further passages did 
not increase the virulence of the agent and submoculation of hver and spleen 
suspensions mto imce by the intranasal route did not produce characteristic 
lung lesions 

As shown in Table I, negative results were obtained by intranasal in- 
oculation of mice with suspensions of hver from two cases, spleen from one 
case, blood from one case, and throat washings taken on the 2nd day of 
illness from two cases From the spleen of one case virus w’as isolated 

Propcrlies of the Virus 

The viruses isolated from cases 2 and 3 were apparently identical and 
have been studied so far in the greatest detail In subsequent sections of 
this paper this strain will be designated by the letters S-F A strain of 
menmgopneumonitis virus sent us by Dr Thomas Francis, Jr , for compan- 
son with our strain will be designated M P -F97 

In impression smears from the lungs of mice dying 2 to 3 days after 
mtranasal inoculation with strains S-F or M P -F97, elementary bodies 
which were stained red by Machiavello’s method were seen The bodies 
were very similar m size and appearance to the Levinthal-Coles-Lilhe bodies 
of psittacosis They were also seen occasionally in peritoneal and menin- 
geal exudates after intracerebral or intrapentoneal inoculation Similar 
bodies were not seen in the lungs of normal mice nor in mice inoculated with 
the \uruses of influenza or mouse pneumonia 

After centrifugation of suspensions of infected mouse lung containuig 
the strain S-F at 5,000 R p M for 1 hour, practically all of the infectious 
matenal was sedimented Attempts to filter the agent through Berkefeld 
V and Seitz filters have so far been unsuccessful The large particle size 
of the virus w as mdicated by these experiments 

Pathogenicity for Animals ' 

lUu Jrlrarasal Inoculaium — With the strain S F, the appearance of lung lesions 
m mice depended upon the stage of the disease and the amount of Mrus inoculated 
Dilutions of 1(H to 10“^ did not produce a uniformly fatal disease and small round grej 
foci i\cre seen \\ ith larger doses the foci became confluent and solid or patchy grc\ ish 
pmk lesions were produced In mice d>’mg acutel> after intranasal inoculation of 10 
pier cent lung suspensions, the lungs were completelj consolidated, deep red, and \ery 
edematous There was a small amount of sticks pleural exudate The s anous lesions 
ob'ers ed were not d'ssimilar from those seen in mice inoculated mtranasally v ith parrot 
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strains of psittacosis \nrus (9 10) The vims has been earned through fifteen intranasal 
passages in mice without apparent change 

Intracerebral Inoculation — After the stram S F had been earned for four passages 
by mtranasal inoculation, mice Vrcre moculated intracerebrally with a bactenologically 
stenle lung suspension After a fe^ intracerebral passages a dilution of 10~* of mouse 
bram was uniformly fatal to mice in 4 days IBgher dilutions up to 10“* killed part of 
the mice in 6 to 10 days with paralysis of vary mg degree preceding death 


TABLE n 


Lesions and Survitel of Virus tn Mice alter I nira peritoneal Inoculation 
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* Explanation of symbols Figures in 6tb and 7th column represent day of death of mice. 
Plus signs under mtranasal inoculation indicate lung lesions m mice which survived 10 days. 
P after day of death signifies paralysis of hind legs observed before death S means mice survived 
without sj mptoms 0 means survival without lesions 

The str ains M P F97 and S F both produced an identical tyTie of pneumonia without 
encephahtis or meningitis after mtranasal inoculation and both gave menmgitis and 
paralysis of the hmd legs without pneumonia after intracerebral inoculation 

Intrapertioneal Inoculation — 0\ er one hundred mice were inoculated mtrapentoneally 
with 10 per cent lung or bram suspensions of the stram S-F from the later passages which 
were highly virulent by the mtranasal or intracerebral routes Of the few ammals w hfch 
died none showed definite lesions m the abdominal organs or pentoneal exudate and the 
deaths were considered to be non speafic 

Definite differences between the strains S F and M P F97 were obserN ed after intra 
pentoneal inoculation of mice Thirty mice were inoculated mtrapentoneally with 
each strain and killed at vanous mtervals The results presented in Table II show that 
the strain S F produced only a slight pentoneal exudate durmg the first w eek, but nothing 
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later c'tcept occasionalh a slightK enlarged spleen During the first 6 di\s some of the 
imcc appeared ill and subinoculalion of the In era and spleens bN the intranasal route 
produced lung lesions charactcnstic of the Mrus, but after 9 da\s the virus uas no longer 
detectable b^ mtranasal or intracerebral inoculation On the other hand, the strain 

P-F97 produced illness or death with a heaw peritoneal exudate which was later 
followed b\ a deposit of fibnn, enlargement of the Iner and spleen, and development of 
ascites A earner state was set up in mice which recovered from the acute infection and 
varus was detectable hy mtranasal or intracerebral subinoculation of liver and spleen for 
as long as 30 davs Paralvsis was seen m about 5 per cent of mice inoculated intra- 
pentoneallj w ith either strain 

Intraperitoneal passages with the strain S-F were started b> inoculation of lung 
suspension from the 8th, 10th, and 13th mtranasal passages The v irus was then earned 
bj intraperitoneal passage of liver and spleen suspensions at intervals of 7 da>s for eight 
passages Although the v irulcnce of the agent w as not appreaablj increased, mtranasal 
inoculation of suspensions of liver and spleen from the last passage produced charactcnstic 
lesions in the lungs of mice, indicating that the v irus w as successfull> carried by this 
method 

SubciUaiicotts Inoctilalton — Mice inoculated subcutaneously with the strain S-F 
showed no definite lesions except a slight enlargement of the regional nodes This is in 
contrast to the marked induration and suppuration which follows subcutaneous inocula- 
tion of the strain M P -F97 

Gtwtca Pigs Intracerebral Inoctilalton — ^The strain S-P, inoculated intraccrebrall> , 
caused fever, ruffled fur, emaciation, and sometimes death A meningitis w ith hyperemia 
of the brain, and occasionally small pneumonic patches in the lungs, were noted at au- 
topsy There were no pathological changes in the liver and spleen 

InlrapcrUoncal Inoculation — The strain S-F produced, in guinea pigs inoculated 
mtrapentoncallv , a prolonged febrile illness lasting 8 to 14 days with extreme emaciation 
and temperatures ranging from 104''F to 105 S^F Some animals died m 7 to 14 days 

Passage of the virus mtrapentonealij in guinea pigs resulted m a decrease in virulence 
dunng the first few passages 

Lesions observ ed in animals inoculated b> this route included a fibnnous peritoneal 
exudate, hvpcremia of the pentoneal surfaces, sometimes hepatic necrosis, patchy lesions 
in the lungs, and slight enlargement of the spleen These lesions tended to regress after 
about 2 weeks and in animals sacnficcd after 6 weeks the abdominal organs v ere nega- 
tiv e, but gre> patches probablj representing healed lesions w ere seen in the lungs Virus 
was recovered from the lungs, liver, and spleen of animab m the acute stages of the 
disease bv mtranasal inoculation of mice 

Inoculation of thestram M P -F97 into guinea pigs b> the intraperitoneal route resulted 
in a mild transient illness No lesions were seen in the abdominal organs except a slight 
waterv pentoneal exudate and reddening of the pentoneal surfaces From thc^c results 
It appears that the strain S-F is much more virulent for guinea pigs than the strain 
M P -F97 

Syrtar Hamsters Inirarasal Injection — Strams S-F and M P -F97, intranasallj 
injected, produced in Svnan hamsters a pneumonia similar to that observed in mice 
Elemcntarv bodies were abundant in smears of the lungs stained b> Machiavcllo’s 
method 



M D EATON, 11 D BECK, AND H E PEAESON 


647 


Intracerebral Injection — The two strains injected mtracerebrallj resulted m an illness 
manifested b> rough fur, weakness ataxia coma and death m 3 to 7 da>s No definite 
paralysis was noted The pnnapal lesion was a meningitis 

Microscopic Pathology 

Study of sections of the lungs and brains of animals receiving the strains 
SF and MP-F97 mtranasally and mtracerebrally revealed pathological 
changes identical vnth those described by Franas and MagiU (5) (See 
Figs 1 and 2 ) 

The livers of a number of mice receiving the two strams mtrapentoneally 
were exammed microscopically The cells m certain areas of the hvers ap- 
peared vacuolated and infiltration with leucocytes was observed Oc- 
casionally, only small nests of mononuclear cells were seen In the livers 
of mice receivmg the strain S F, areas of degeneration were less marked and 
less frequent than in the mice inoculated with the stram M P F97, and the 
watery peritoneal exudate contained a moderate number of large mono 
nuclear cells and lymphocytes, but elementary bodies were seldom demon 
strated The spleens showed no striking pathology 

Pathogenicity for Java Ricehirds 

The purpose of these experiments was to determine if the strams under 
investigation showed the same degree of mfectiousness for Java ncebirds 
as do the strains of psittacosis virus from parrots and other psittacme 
birds (15) 

Java ncebirds were inoculated m the pectoral muscle with 10 per cent mouse brain 
and mouse lung suspensions contaimng the strains S-F and M P F97 Mice inoculated 
mtranasally at the same time died with typical lung lesions The results are presented m 
Table HI Ti\o of the ncebirds (Nos 1 and 2) which received the strain S F died in 8 
and 14 days respectively without definite pathology except for the presence of moderate 
diarrhea m one bird and some fluid in the lungs and pleural cavity of the other Virus 
was demonstrated m the organs of these birds by mtranasal moculation of suspensions 
of lung liver and spleen into imce Mice inoculated mtrapentoneally remained well 
Four of the ncebirds moculated with the strain S-F survived for 28 days at which time 
thev were killed and autopsied Moderately enlarged spleens w ere seen in all four birds 
and one (No 6) had questionable lesions in the liver and lungs The presence of active 
virus could not be demonstrated by subinoculation of hv ers lungs, and spleens into mice 

The ncebirds receivmg the strain M V F97 died in 9 to IS day's Nos 8 to 12 in 
elusive had hepatic necrosis enlarged spleens patches of consolidation in the lungs 
and diarrhea In the organs of all birds virus was readily demonstrated by submocuJa 
tion of mice by the mtranasal and mtrapentoncal routes 

Serological Tests 

Sera obtained from cases 4, 5, and 6 were tested by complement fixation 
against the strams S F and M P F97 From the results m Table it 
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The serum from case 4 was first tested b> complement fixation with heated psittacosis 
tissue culture antigen by Dr K F Meyer and Miss B Eddie (11) at the laboratories of 
The (jeorge ‘Williams Hooper Foundation This serum gave a high titer with psittacosis 
antigen and Dr Meyer very kindly sent us a portion of it which was tested with the results 
shown m Table IV Subsequently the serum specimens from cases 5 and 6 were also 
tested in Dr Meyer’s laboratory These tests shovved an mcrease m the titer of comple 
ment fixmg antibodies with the psittacosis antigen, similar to that observed with the 
strains S F and M P F97 ^ 

Production of complement fixing antibodies m guinea pigs and mice wth the strain 
S F was irregular However, the serum of ammals immune to the strain MP F97, 
although failmg to give defimte fixation with unheated mouse lung antigens from this 
stram did give titers of 1 16 or above with the heated antigen from psittacosis virus in 
tissue culture Studies on this phase of the problem have not yet been completed 
No satisfactory method has yet been developed of demonstrating in the serum of 
immune animals neutralizmg antibodies to the stram S F The method used b> Francis 
and Magill (5) oiuld not be applied to our strain because of its low virulence for mice by 
the intrapentoneal route 

Active Immunity 

Boviologous Immunity — Mice which had received a single mtrapen 
toneal inoculation with the strain S F were not immune to infection by the 
mtranasal route, but did resist infection by the intracerebral route This is 
m agreement with the results of Francis and MagiU (5) A smgle mtranasal 
dose of virus sufficient to produce small lung lesions without killing any 
mice (about 1/10 m ) did not produce definite immunity to reinoculation 
with appronmately 10 m L d by the same route Similarly, single subfatal 
doses of virus given mtracerebrally often failed to produce sohd immunity 
to mtracerebral inoculation of 10 M L D However, larger amounts of virus 
moculated mtranasally, although fatal to some of the mice, usuallyproduced 
sohd immunity in the survivors to remoculation by the same route When 
multiple moculations were done, starting with 1/10 mld and mcreasmg 
the amount ten times at each successive injection, a much more sohd im 
munity was produced 

Guinea pigs which had recovered from intrapentoneal infection with the 
stram S F showed no nse m temperature or other signs of illness after a 
second mtrapentoneal moculation with this stram 
Cross Immunity — Although it was difficult to produce cross immunity 
to M P F97 with the strain S F by mtranasal inoculation, the converse 
was not true Mice receiving one subfatal dose of the strain M P F97 
mtranasally were definitely immune to the stram S F when tested 1 month 
later Mice which had received two mtranasal inoculations with the strain 
S F did not resist mfection by the mtranasal route with 1(X) mld of the 
strain M P -F97, although animals from this same group were immune to 
the homologous stram 
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The results presented in Table I strongly suggest that the strams isolated 
by us came from human matenal since m three out of four cases posibve 
results were obtamed m aU of the mice of the first passage This view is 
supported by the demonstration of an increase m complement ibang anti 
bodies m cases 5 and 6 (Table IV) This mcrease was assoaated with an 
illness similar to that of cases 2 and 3 and apparently resulted from la 
boratory infection A similar stram of virus was isolated from the sputum 
The more remote ongms of the stram S F are obscure History of contact 
with psittacme birds withm a period of 1 month before onset was not ob- 
tamed m any case 

On the basis of the results published by Francis and Magill (5), it appears 
that the strain M P F97 and other antigemcally related strams of the virus 
of menmgopneumonitis isolated by these authors came either from ferrets 
or from the throats of human bemgs with a disease chmcally resemblmg 
epidemic mfluenza * The failure to demonstrate neutrahzmg antibodies to 
the virus m the serum of the human cases does not constitute decisive evi 
dence of the non human ongm of the virus, because it is known that infec- 
tion with the virus of psittacosis, to which the virus of menmgopneumomtis 
IS antigemcally related, does not regularly stunulate the producbon of 
neutralizing antibodies (12) 

The possibihty that the stram S F came from a source other than psit- 
taane birds is suggested by certam pecuhanties of the stram namely, (a) 
its low virulence m the peritoneum of mice as compared with its relatively 
high virulence m the lungs or bram, (t) the relatively low virulence for Java 
ncebirds which readily become mfected with psittacosis virus by contact 
with diseased parrots, (c) the faUure of the stram to produce a earner state 
m mice and birds which recover With respect to these three properbes, the 
sbam M-P F97 appears to be more closely related to true psittacosis virus 
than the sbam S F Both strams seem to have a relabvely high pneumo 
bopism Homus (9) has shown that psittacosis virus is not modified m its 
mbapentoneal virulence for mice by repeated mbanasal passage Paraly 
SIS m imee after mtracerebral or mbapentoneal moculahon is caused not 
only by these two sbams, but also occasionally by strams of psittacosis 
virus (8) from parrots 

It IS possible that an as yet unknown vector may be responsible for the 
spread of these atypical strains of virus Bedson (13) has recently desenbed 

* Since iliK paper was prepared for publication Dr Fra n cis has informed us that a 
majority of the cases studied m the epidemic referred to show ed an mcrease m neutraliamg 
antibodies to the virus of inQuenza B (17) 
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the infection of human bemgs with psittacosis virus from fulmar petrels, 
a previously unsuspected source PmLerton and Swank (14) have reported 
the isolation of a psittacosis-hke virus from thiamm-deficient pigeons This 
agent was pathogenic for mice by mtracerebral moculation, but mtrapen- 
toneal or subcutaneous moculation was without effect Finally, it is pos- 
sible that one or both of the agents which we have studied are actually 
representatives of a group of psittacosis-hke viruses that have become 
adapted to man with an mcreased mfectiousness for the respiratory tract 
and a dumnished virulence for birds and for mice inoculated by the intra- 
pentoneal route 


SUMMARY 

From the lungs of two fatal cases and from the sputum of two non-fatal 
cases of atypical bronchopneumonia, a psittacosis-hke virus was isolated 
by direct mtranasal inoculation of mice Intraperitoneal injection of the 
same human material mto mice gave negative results 

The virus has a relatively high virulence for mice by mtranasal or intra- 
cerebral moculation, but does not kill after intrapentoneal inoculation 

Its virulence for Java ncebirds is low and it fails to produce a earner 
state m mice and birds 

Two cases showed an mcrease in complement-fixmg antibodies to the 
new virus and to psittacosis 

The virus is antigenically related to the viruses of menmgopneumonitis 
and psittacosis by complement fixation and by active immunity tests 
m mice 
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EXPLANATION OF PLATE 32 

Fig 1 Section of mouse lung taken from second mtranasal passage of lung material 
from case 2 Hematoxylin and eosin There are many small localized areas of infiltra- 
tion which appear darker than the surrounding lung tissue X 22 

Fig 2 Same, showing detail of one of the foa In the center is a dense accumula- 
tion of mononuclear cells wnth a few small pockets of poljTnorphonuclear leucocytes 
The walls of the adjacent alveoli are swollen and there is some fluid m the air spaces 
There is also some penvascular mfiltration, but no striking change in the columnar 
epithelium of the bronchiole X 251 
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THE ISOLATION OF AN 0 SPECIFIC SUBSTANCE FROM GAS 
TRIC JUICE OF SECRETORS AND CARBOHYDRATE 
LIKE SUBSTANCES FROM GASTRIC JUICE OF 
NON SECRETORS 

By ERNEST WITEBSK\ M D and NIELS C- KLENDSHOJ M D 
{From Oie Ldboralortes of The Buffalo General HospUal, and the Department of Paiholo^v 
and Bacteriology University of Buffalo School of Medicine, Buffalo') 

(Received for publication, March 7 1941) 

The nature of the blood group specific substances has been studied by man) mvesti 
gators, among them Brahn and Schiff (unne and sahva) (1, 2), Brahn Schiff and Wem 
mann (pepsin) (3) Freudenberg Eichel and Dirscherl (urme) (4) Freudenberg and 
Westphal (peptone) (5), Jorpes and NotUn (urine) (6) Hallauer (blood) (7) and Meyer 
Smyth, and Palmer (pig gastric mucosa) (8) Some of these authors have stressed the 
carbohvdrate nature of the substances with which they were working l^dstemer 
(9) isolated from horse saliva a purified carbohydrate like substance exhibiting strong A 
potency The onginal material used for the isolation of the group specific substances 
seems to play an important r61e in these investigations Their concentration in the 
tissue cells and body fluids vanes considerably Putkonen (10) gives the following 
relative figures in regard to the concentration of group specific substances m various 
materials of human ongin Sahva, 103 to 1024 units blood 8 to 32 units, unne 2 to 4 
units In a thorough study of the quantitative occurrence of water soluble group specific 
substances in tissues and secretions Fnedenreicb and Hartman (11) agree pnnapally 
wth Putkonen’s findings 

In a previous communication (12), the isolation of a carbohydrate like 
substance from human gastnc juice of patients belonging to group B has 
been reported This substance exhibits strong B potency and is as active 
as the A preparations obtained according to methods recently employed 
(<ff Landstemer and Chase (13), Landstemer and Harte (14), (joebel (15)) 
The mvestigations to be reported here deal with the question as to whether 
it IS possible to isolate an O substance from gastnc jmee of human bemgs 
of group 0 Accordmg to the ongmal behef human cells belongmg to 
group O are characterized by the absence of the A and B substances rather 
than by the presence of a specific 0 factor Some normal animal sera, 
particularly beef sera, as well as certam immune sera, agglutmatc human 
red blood cells of group O m somewhat higher dilutions than cells of other 
groups {cf Schiff (16)) The treatment of such normal beef sera with AiB 
cells removes agglutmms acting on the blood cells of groups other than 
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grouDS The absorption \ias repeated if red blood cells other than 0 still were agglu- 
tinated too stronglj A potent anti-0 reagent usually agglutinates, at least shghtlj, 
human blood cells belonging to the ^ arious groups If the absorbed serum was found to 
be satisfactorj', it was dried in amounts of 1 to 10 cc per ampoule or kept m the refrig- 
erator in the presence of 0 01 per cent merthiolate 

TABLE I 


Agglultmiion of Human Red Blood Cells of Various Groups by Normal Beef Serum 


Dilutions of beef sera 

« Beef sera 
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— = no agglutination -f -f- = marked aggluUnation 

± = faint agglutinauon -1-++ = strong agglutination 

+ = sbght agglutmaUon ++++ “ \eij strong agglutination 


Tests of Beef Sera — ^The agglutination of human red blood cells belonging to different 
blood groups b> \ arious normal beef sera is shown in Table I The e.xpcnmcnt was 
earned out m the followmg wat — 

Decreasing amounts of beef serum, %olume 0 2 cc , were mixed with 0 2 cc of a 1 per 
cent suspension of human red blood cells belonging to the groups 0, A, and B respectivclj 
These mixtures were kept at room temperature for 10 minutes and then centnfuged for 
1 minute at medium speed The tubes were then shaken up slightly and the degree of 
agglutination determmed 

Table I shows that different t}-pes of normal beef sera occur although the differences 
maj not be too marked {cf itebskx and Okabe (21), Schiff and Sasaki (22), Sasaki (20), 
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Fnedenreich and Zadio (18), Dahr (23)) Some beef sera contain only weak agglutmins 
for all types of human cells while the titers of others are definitely higher Some show a 
preference for red blood cells of group A An additional difficulty consists in the fact that 
different blood specimens even of the same group, show considerable vanation m the 
degree of agglutmability Among the beef sera given in Table I serum 11 was selected 
and absorbed with cells belonging to the group AiB It should be stated m this connec 
tion that not all cells of group AiB ate equally suitable for absorption for reasons that 
need further clanfication 

Table n shows an expenment demonstrating the anti O agglutmation by beef serum 
11 after its treatment with AiB cells The expenment itself was earned out in the 
following w ay ' — 

Decreasmg amounts of absorbed beef serum 11, volume 0 2 cc were mixed with 0 2 
cc of (o) 1 per cent suspension of human AiB cells (b) 1 per cent suspension of human 
0 cells The first tube contained a 1 2 dilution of the absorbed beef serum corresponding 


table n 

Aggluiinatton of Butnan Red Blood Ceils by ifearts of Absorbed Normal Beef Serum 


Absorbed beet ieram 11 

Group AB cell raipessioa 

Group 0 ceD •mpeiuloo 

(1)1 2 

+ 

+++ 

(2)1 4 

±. 

+++ 

(3)1 8 

— 

++ + 

(4) 1 16 

— 

++ 

(5) 1 32 

— 

++ 

(6) 1 64 1 


+ 

(7) 0 




to a 1 4 dilution of the original native scrum The test tubes were kept at room tern 
perature for 15 minutes and then centrifuged at a medium speed for 1 minute The 
resulting agglutination was observed after the tubes had been shaken up In the case of 
0 agglutmation the tubes should be shaken only shghtly Too violent shakmg might 
break up the agglutinated cells completely 

The agglutination of human red blood cells of group O b> means of the absorbed beef 
serum 11 is quite definite when compared wth the agglutination of AiB cells Beef 
serum 11 was the strongest anti 0 serum found m over one hundred blood specimens 
examined so far for this purpose However it is possible to use beef serum that does not 
contain such a strong anti 0 agglutinin as beef serum 1 1 Experiments to be referred to 
m this paper have been earned out not only with heel serum 11 but also with other 
anti-O beef sera 


EXPERIMENTAL 

Large amounts of group specific substances are present m the sabva and 
gastne juice of human bemgs As far as we know, these secretions contain 
the highest concentration of group specific substances occurring within the 
human body There are, hoivever, certam persons whose salira is more or 
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less free of group specific substances Roughly 20 to 30 per cent of all 
people belong to the group of "non-secretors ” The others constitute the 
large group of “secretors” (Putkonen (10), Lehrs (24), Schiff and Sasaki 
(22)) The demonstration of the group speafic substances in sahva and 
gastric juice is accomphshed by means of the “inhibition of agglutination” 
test This inhibition is perfectly group specific, inasmuch as secretions 
contaimng the A substance inhibit the potency of the isoagglutinm anti-A 
while B-contaming specimens counteract the isoagglutinm anti-B Among 
the mdividuals belongmg to group O, secretors as well as non-secretors are 


TABLE m 

Agglutination of Human Red Blood Cells Belonging to Group O by Means of Absorbed Beef Senim 
Anti 0 after Treatment of the Latter with Specimens of Gastric Juice and Saliva Respectively 


Dilutions of eastne 
juice and aaliva | 

I 

Gastric juice specimens from 

. II 

Saliva specimens from 

Patient 1 
Group 0 

Patient 2 
Group 0 

Patient 3 
Group A 

Patient 1 
Group 0 
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Group 0 

patient 3 
Group A 
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(8) 1 2200 

-1 — 1 — h 

+++ 

++ 

+++ 

+ 

+ 

(9) 0 

+++ 

H — 1 — b 

+++ 

+++ 

+++ 

+++ 


X = missing 


found However, inhibitory potency toward the O agglutmation is not 
only exhibited by specimens from O mdividuals but is present more or less 
in those of secretors belongmg to other blood groups (cf Sasaki (20)) 
Table HI shows an experiment in which the mhibitory potency of gastric 
jmee specimens of three different mdividuals toward the O agglutination is 
compared with that of sahva The experiment itself was earned out in the 
following way — 

Specimens of gastrfc juice and saliva were heated in a boiling water bath for 10 minutes 
immediately after bemg collected and then centnfuged The clear supernatant fluid 
was used m the follow mg expenment 

Decreasing amounts of gastric juice (I) and sahva (If) respectively, volume 0 2 cc , 
were mixed with 0 1 cc of an absorbed beef serum anti 0 and kept at room temperature 
for 15 minutes Then 0 1 cc of a 1 per cent suspension of human red blood cells of group 
O was added The mixtures w ere agam kept at room temperature for about 15 minutes 
and then centnfuged The resulting agglutmation can be seen from Table HI 
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Table III shows that the sahva and gastnc juice specunens obtamed from 
patient 1 do not, or only shghtly, inhibit the agglutmation of O cells by 
anti 0 beef serum In contradistmction, the saliva and gastnc juice spea 
mens of patients 2 and 3 e-chibit defimte inhibitory activity Attention is 
drawn to the fact that the first two patients belong to group 0 and the 
third patient to group A The experiment clearly mdicates the existmg 
difference between secretors and non secretors recognizable even as far 
as group 0 is concerned However, the mhibition of 0 agglutmation by 
secretions containing the 0 factor is much weaker than the mhibition of 
agglutmation of A and B cells by means of secretions contammg the A 
and B factors respectively The difference m degree of inhibition is con 
siderable It must be kept m mind, of course, that the inhibitory power of 
specimens from different mdividuals vanes a great deal This vanation 
rarely creates any diagnostic difficulties as far as the specimens from A or B 
patients are concerned because the inhibitory potency m these mstances is 
usually marked But m the case of the O agglutmation it is our expenence 
that difficulbes may be encountered m determmmg whether or not one is 
dealmg with a secretor or a non secretor because of the relatively high 
concentrations of saliva and gastnc jmce necessary to demonstrate the 
inhi bition Consequently, the question as to the specificity of the inhibitory 
potency of 0 containing specimens deserves speaal attention 
The best approach to the problem of the existence of an mdependent 
substance exhibitmg the 0 property would be through the isolation of such 
a substance m a chemically pure state In order to achieve this purpose, 
the isolation of the O substance from gastric juice of human bemgs belonging 
to group 0 was attempted, usmg the technique described above In this 
manner the carbohydrate fractions from the gastric juices of several people 
of group 0 were isolated and exammed for their 0 potency In regard to 
the question of specificity, it was important to obtain a satisfactory control 
preparation The correspondmg carbohydrate fractions obtamed from 
gastnc juices of people of the non secretor type constitute, without doubt, 
the most suitable controls Several gastnc juices from people of this type 
were analyzed and their carbohydrate fractions isolated Because of our 
mterest m the isolation of the B substance from gastnc juices of human 
bemgs belongmg to group B as reported m a previous paper, mamlj non 
secretors belongmg to group B were used in our investigations so far 
The inhibitory activity of these carbohydrate like substances isolated 
from the gastnc juices of human bemgs of vanous groups on the isoag 
glutination of O, A, and B cells was exammed m the followmg way — 
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Four different carbohydrate-like substances, namely, (1) A specific substance (No 74), 
(2) B specific substance (Nos 23/24 pooled), (3) 0 specific substance (No 34), and (4) 
the carbohj drate fraction isolated from the gastnc juice of a non-secretor belonging to 
group B (No 36) w ere used in the experiment Decreasing amounts of these substances, 
volume 0 2 cc , ■a ere mixed m part I, with 0 2 cc of undiluted serum of group B , in part 11, 
wth 0 2 cc of 1 2 diluted serum of group A, in part HI, with 0 2 cc of anti-0 beef serum 
11 dduted 1 4 Relatively strong serum dilutions were used in this experiment in order 
to obtain clear-cut results rather than to determine the end point of inhibitory power of 
the group specific substances under investigation The mixtures were allowed to stand 
for 15 mmutes at room temperature Then 0 2 cc of a 1 per cent suspension of human 
red blood cells was added as follows to part I, cells belonging to group A, to part II, 
cells belongmg to group B , to part in, cells belongmg to group 0 After standing at 
room temperature for another 15 minutes, the tubes were centrifuged The readings 
obtained are given in Table IV 

The following conclusions can be drawn from the experiment 

1 Only the B substance inhibits agglutmation of B cells by serum of 
group A 

2 Only the A substance inhibits agglutination of A cells by serum of 
group B 1 

3 All three substances, A, B, and O, on the other hand, mhibit agglutma- 
tion of 0 cells by the anti-0 beef serum 

4 The carbohydrate fraction isolated from the gastric juice of a non- 
secretor belonging to group B lacks any mhibitory potency toward any of 
the three group specific sera 

The results of these experiments indicate that it is possible to isolate a 
carbohydrate-like substance exhibitmg O potency from the gastnc juice of 
human bemgs belongmg to group O Because the results of the 0 agglutma- 
tion are usually not as clear-cut as the results of the agglutination of A and B 
cells by their respective isoagglutmms, the specificity of the inhibition of 0 
agglutination might be questioned However, the failure of the carbohy- 
drate fraction isolated from the gastnc jmee of a non-secretor to show O 
potency serves as a negative control and points to the fact that the 0 potency 
as exhibited by the respective isolated carbohydrate-like fractions is based 
upon the presence of an actual substance The gastnc juice of the non- 
secretor apparently contams a carbohydrate-hke substance quantitatively 
and chenucally similar to that isolated from the gastnc jmee of a secretor 
Howe^er, the carbohydrate-hke substance isolated from the gastnc juice 
of the non-secretor differs from that of a secretor m regard to its serologic 
actmty That is the reason vhy it constitutes a most suitable and nec- 

1 Some B preparations give a sbght cross reaction with the A preparations and mce 
This cross reaction needs further m\estigation 


V€rsa 
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TABLE IV 


Ag^lutinaiton of Human Red Blood Cells Belonging to Blood Groups 0 A, and B Respectively by 
Means of Group Speafic Serum Treated wttk Carbohydrate Ltke Substances Isolated from 
Human Gastric Juice 


1 

Dilutions of snbstsncn j 
1 1000 

AsnbiUace 



Substance hoa 
non-s«r«tor 


B subitutce 1 

0 snbstssce | 

Group B 


Parti 

Agglutination of Human Cells Belonging to Group A by Scrum of Group B Treated vnth the Group 
Specific Substances 


(1) Undiluted 

- 

4-4- 

4*4— 4- 

++++ 

(2) 1 3 

— 

++++ 

++++ 

4"f4-4- 

(3) 1 9 

— 

4-4-4-4- 

4-d-4-4- 

4-4-4--1- 

(4) 1 27 

— 

++++ 

++++ 

4-4-4-4- 

(5) 1 81 

-> 

++++ 

4-4-4-4* 

++++ 

(6) 1 240 

=k 

4-4.++ 

4-4-4- 4- 

++++ 

(7) I 720 

+4* 

4" 4- 4- 4* 

4- 4- 4- 4* 

++++ 

(8) 1 2200 

+++ 

++++ 

++++ 

•+•4"+- 4- 

(9) 1 6600 

+4“++ 

4* 4" 4* 4- 

4* 4- 4- 4- 

++++ 

(10) 0 

4- 4- 4“ 4- 

4-4*4*4- 

4"f4-4- 

++++ 


Part II 

Agglutination of Human Cells Belonging to Group B by Serum of Croup A Treated vntk the Croup 
Specific Substances 


(1) Undiluted 

++++ 

_ 

+++ 

+++ 

(2) 1 3 

++++ 

— ' 

+++ 

+++ 

(3) 1 9 

4- 4- 4- 4- 

— 

4-f4-h 

+++ 

(4) 1 27 

++++ 

— 

++++ 

4-4-+ 

(5) 1 81 

++++ 

— 

++++ 

+++ 

(6) 1 240 

++++ 

± 

++++ 

++++ 

(7) 1 720 

++++ 

4-4- 

4- 4- 4- 4- 

++++ 

(8) 1 2200 

++++ 

+++ 

++++ 

++++ 

(9) 1 6600 

4"-l*-t*4' 

+++ 

++++ 

++++ 

(10) 0 

4-'!' 4”}' 

++++ 

4-4-4-4- 

++++ 


PaH III 

Agglutination of Human Cells Belonging to Group 0 by Anii-O Beef Serum Treated vnth the Group 
Speafic Substances 


(1) Undflutcd 


_ 

- 

+++ 

(2) 1 3 

— 

— 

— 

+++ 

(3) 1 9 

— 

— 

— 

+++ 

(4) 1 27 

— 


— 

+++ 

(5) 1 81 

+ 

+ 

+ 

+++ 

(6) 1 240 

+ 

++ 

+ 

+++ 

(7) 1 720 

++ 

+++ 

++ 

+++ 

(8) 1 2200 

++ 

+++ 

++ 

+++ 

(9) 1 6600 

+++ 

+++ 

+++ 

+++ 

(10) 0 

+++ 

+++ 

+++ 

+++ 
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essary negative control m experiments demonstrating the activity of the 
0 substance 

So far about 40 specunens of gastric juice have been exammed and their 
carbohydrate fractions isolated In some instances only a few milhgrams of 
the isolated substances were obtained, suffiaent to carry out a few tests 
Table V shows the mhibitory potency toward the 0 agglutuiation of si\ 
different carbohydrate-hke substances isolated from human gastric juices 
of persons of vanous blood groups 

TABLE V 


Agglutination of Hitman Red Blood Cells Belonging to Group O by Absorbed Beef Serum after 
Treatment of the Latter uitk Vanous Carbohydrate Fractions Isolated from Human Gaslne Juice 


Dilutions of catbo i 
hydrate fractions 

1 1000 

Carbohydrate fractions diluted 1 1000 belonging to groups 

'o' 

(i) 

n 

(d) 

AB 

(e) 

Inert B 

Inert B 

(1) 1 3 

— 

— 

j 

— 

+ + 

4* 


- 

— 

— 

1 

•h-h 

+ 


- 

- 

— 


-i-b+ 

-b-b 


— 

— 

— 

- 

•b-b-b 

-b-b 

(5) 1 48 

— 

1 *" 

i 

— 

-b+-b 

+4- 

(6) 1 96 

— 

1 * 

— 

— 

+++ 

-b-b-b 

(7) 1 190 

I ± 

- 

1 + 


1 -b-b-b 

-1 — 1 — b 

(8) 1 380 

+ 

± 

■f 

-1- 

-b+ + 

-b-b-b 

(9) 1 760 

4- 

-1- 


+ 

-b-b-b 

H — 1 — b 

(10) 1 1520 

++ 

+ 

-1- 

+ 

-b-b-b 

-b-b-b 

(11) 1 3040 

++ 

-1- + 

++ 

-f-b 

-b-b-b 

-b-1 — b 

(12) 0 

-h-l-l- 

-b + -l- 

+++ 


-b-b-b 

-b-b-b 


Decreasing amounts of the carbohvdrate-hke substances diluted 1 1000, volume 0 2 
cc, vere mixed with 0 1 cc of an absorbed normal beef serum 7 diluted 1 4 After 
bemg kept for 4 hours at ice box temperature,- 0 1 cc of human red blood cells belonging 
to group 0 were added The tubes were kept for 15 minutes at room temperature and 
then centnfuged The resulting agglutination shown in Table V was obtained after the 
tubes had been shaken up, this time rather thoroughly The carbohydrate fractions 
examined in the experiment were as follows (o) O substance (No 34), (6) substance 
from non-secretor belonging to group B (No 36), (c) 0 substance (No 45) (d) substance 
from non secretor belonging to group B (No 46), (e) AB substance (No 47), (/) A 
substance (No 49) 

The mhibitory activity of the group specific substances toward the 
agglutmation of human cells belonging to group 0 by anti-0 beef serum is 
eindent On the other hand, the carbohydrate-hke substances isolated 

- In later experiments it pro\ ed to be unnecessan' to keep the tubes at ice box temper- 
ature for 4 hours Instead, thc> were kept for 15 to 30 minutes at room temperature 
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from the gastnc jujce of non secretors belonging to group B do not, or only 
shghtly, inhibit the agglutination of 0 cells by anti 0 beef serum It is 
noteworthy that the carbohydrate like substance isolated from the gastric 
juice of a patient of group AB (specunen 47) e-dubits definite 0 potency 
When exaimned for A and B activity, it proved to be of marked and approxi 
mately equal potency for both In a second AB case (specunen 75) the 
carbohydrate hke substance isolated from the gastnc jmce behaved similarly 
to the first one However, in this case the inhibition of the 0 agglutmation, 
although defimte, appeared to be somewhat weaker 

DISCUSSION 

The agglutination of human red blood cells belongmg to group O by 
normal animal sera as well as by certam immune sera has been observed and 
confirmed by several investigators The problem anses whether or not 
there is a group specific substance 0 chemically and serologically comparable 
to the group specific substances A and B, or whether the 0 factor is some 
thmg different and does not constitute an mdependent group specific 
substance as such Schiff and his coworkers mamtamed the conception of 
an 0 substance analogous to the A and B substances There ate, however, 
several differences between the A and B agglutmation on the one hand and 
the 0 agglutmation on the other hand For instance, the isoagglutmation 
of human red blood cells of groups A and B by their respective isoagglu 
tinms, provided potent sera are used, is usually stronger and more specific 
than the agglutmation of O cells by anti 0 beef serum The most striking 
difference becomes evident when the mhibitory potency of secretions con 
tammg the 0 factor is compared quantitatively with secretions containing 
the A and the B factors Saliva and gastnc juices of human bemgs be 
longmg to the groups A and B may mhibit the isoagglutmation of the 
respective blood cells m dilutions up to 1 10,000 or more On the other 
hand, the same secretions of human bemgs belonging to group 0 i nh ibit 
the O agglutmation m dilutions up to one m several hundred, or sometimes 
less Because of the relatively high concentration of matenal necessary to 
demonstrate the 0 effect in the cases of sahva and gastnc jmce, which are 
very viscous, the interference of non specific factors has to be kept m mmd 
Schiff (25) m 1934 thought that it was possible to overcome this difficulty 
by using anti-0 agglutmms found m the serum of a goat immunized by 
Eisler m Vienna with Shiga dj^ntery bacilh When this mimune serum 
was used as an anti 0 reagent instead of the usual normal beef serum, dilu 
tions up to 1 10,000 and more of sahva and gastnc juice belongmg to group 
0 proved to be active m the mhibition of the 0 agglutmation It is obvious. 
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The study of classical European t)q)hus m the laboratory has long been 
handicapped by the lack of suitable experimental animals The gumea 
pigj which until very recently has been the only convenient species avail 
able, usually shov-s no evidence of infection other than a mild febrile period 
lastmg a few days To pro\e that this fever is the result of mfection with 
European typhus, it must be shown that typical bram lesions arc present, 
that bacteria cannot be grown from the blood or tissues of the guinea pig, 
and that resistance to Uiown homologous passage strains has developed 
after convalescence Furthermore, smee 2 to 4 per cent of normal gumea 
pigs fad to exhibit fever following moculation of fully virulent matenal, 
the inclusion of several animals for each test is essential The mterpreta 
tion of febnle episodes in gumea pigs without resort to the cnteria just 
noted is hazardous, and it follows, therefore, that ngidly controlled experi 
ments are laborious and time-consuming Demonstration of nckettsiae 
by tissue culture method or egg inoculation, though very helpful, does not 
shorten materially the time required to deterrmne the presence or absence 
of the specific disease 

In normal mice, European typhus exists as an mapparent mfection m 
which the virus disappears after three passages, when the method of passing 
brain to the abdoramal cavity is employed (1) Inoculation of the munne 
variet> of nckettsiae, on the other hand according to Wohlrab (2) leads 
to a fatal outcome m 60 per cent of his stram of mice, whether the inoculum 
is given mtrapentoneally or mtranasally Castaneda has desenbed a lethal 
pneumonitis m mice and rats residtmg from the intranasal inoculation of 
the munne strain (3) 

Recently Durand and Sparrow (4), usmg hce heavily infected with the 
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nckettsiae of European typhus, inoculated mice intranasally and were able 
to pass the infection thus estabhshed m series The mortality was high 
among then animals The mouse obviously possesses advantages in many 
ways over the gumea pig for the mvestigation of certam problems, but the 
mtranasal route is dangerous, a fact attested by the occasional human 
mfections m laboratones where this procedure is employed (5) It is espe- 
aally to be avoided if unvaccmated persons have access to the rooms con- 
taming mfected animals Smce the data presented by Durand and Spar- 
row (4) show that only a heavy inoculum is effective and since x-radiation 
mcreases the susceptibihty of rats to murme typhus (6), it seemed probable 
that, provided large mocula were employed, the mtra-abdommal route 
might prove successful m irradiated mice with European typhus This 
report descnbes experiments which were undertaken with these considera- 
tions m imnd 

Methods 

X-Radiahon — h metal container 3 cm deep and 20 cm m diameter, havmg a flange 
about the edge, was fitted mth a wire screen (2 or 3 meshes to the inch) which, as a cover, 
could be clamped tightly to the flange Twenty mice can be accommodated with ease 
in a container of this sort In it they cannot change appreciably either their distance 
from the target of the x-ray tube by standing up, or their exposure to the rays by crawling 
on top of one another Uniform irradiation of each animal is thus obtained The x-ray 
machine was operated at 200 kilovolts, 8 miliiampercs, 0 5 mm copper filter, 30 cm 
distance Under these conditions an exposure of 7 minutes and 30 seconds represents 
450 Roentgen units Data relating to the determination of the optimum interval be- 
tween the time of irradiation and injection and to the efiect of irradiation on non-mfccted 
mice will be presented after a descnption has been given of the basic observations con- 
cerning the nature of the infection m irradiated animals 

Typhtts Slratti — The Breinl strain of European typhus obtained from the National 
Institute of Health in Washmgton, D C , through the courtesy of Dr R E Dyer, in 
February, 1940, was isolated in tissue culture (7) and maintamcd for 5 months by serial 
passages in the yolk sac of developing chick embryos (8) or on agar tissue cultures until 
the inception of the experiments described below 

Suspensions for injection of mice were prepared from infected chick cmbrj’onic tissue 
incubated at 37°C for 7 days on beef serum-Tyrode agar m Kolle flasks Only those 
flasks were used which showed man> nckettsiae on direct smear The tissue from each 
Rolle flask was washed down with buffered saline (pH 7 0) and ground to a fine suspension 
in a special 50 cc centnfuge tube fitted ivith a pestle In one expenment the tissue 
from one KoUe flask was diluted wath 18 cc , m another with 30 cc The supernatant 
fluid obtained after the “Gnffith tube” had been standing for a few mmutes was injected 
into the mice The suspension was not centnfuged 

Eslahhshnent of Rickettsial Infection in Irradiated Mice 

Injection intra-abdominally of 1 cc of a tissue culture suspension of 
nckettsiae produced no evidence of sickness in sixteen normal mice This 
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was confirmed by a second expenment Rickettsiae could not be demon- 
strated m smears of fluid obtained by aspiration from the pentoneal cavities 
of such non-irradiated mice 2 to 10 days after injection No titration of 
the mfectivity of the moculum for gumea pigs was earned out Mice 
weighing from 10 to 20 gra given 4S0 to 600 Roentgen imits and injected 
with 1 cc of the moculum which had been shoivn to produce no recognizable 
disease m normal mice, either died or presented evidence of illness (anorexia, 
ruffled fur, conjunctivitis) Numerous nckettsiae (demonstrated by Mac- 
chiavello stam) were visible mside the cells of the pentoneal exudate and 
m scrapmgs of the pentoneal surface from the mice which died, as well as 
m the mouse sacrificed for passage Tissue culture suspensions were mocu- 
lated into a total of twenty four irradiated mice, two survived, one was 
sacrificed m a monbund condition for passage, and twenty-one died 
Serial Passage in Irradialcd Mice — ^From one set of irradiated mice 
infected with matenal from tissue cultures, three senes of transfers in mice 
were made In two of them matenal for transfer was taken after the death 
of the anunals, and bacterial infection occurred The third remained free 
of bacteria and has been earned through twenty two passages by successive 
mtra abdominal moculation The material for passage was obtamed either 
by bleedmg from the heart just before death, or by saenfiemg a monbund 
mouse and washmg out the pentoneal cavity with S to 10 cc of sahne, 
nutrient broth, or phosphate buffer at pH 7 0 At present broth is em 
ployed as routme In other expenments successful transfers were made 
not only -with blood and pentoneal washmgs but also with bram, lung, 
pleural exudate, and spleen Rickettsiae were demonstrated by Mac 
chiavello stam m the peritoneal exudate and also m blood, suprarenal gland, 
tunica vagmahs, kidney, spleen, hver, and pleural fluid, but not in brain 
Occasionally the lungs of a monbund mouse exhibited hemorrhagic areas 
varymg m size from 1 to 5 or 6 mm m diameter On direct smear rickett 
siae could be found m such lesions, chiefly mside the phagocytic cells 
Fig 1 shows the appearance of the pentoneal smear on the third and 
eleventh mouse passages In the latter the nckettsiae are smaller, and 
many more are present both mside and outside the cells 
In a UtraUon of the mfectivity of blood after sixteen passages, m one 
small experiment 0 00017 cc of heart’s blood (diluted m nutnent broth) 
was given mtra abdommally to irradiated mice They died 10 to 12 days 
later, and a few nckettsiae were demonstrable m pentoneal smears at death 
Bram was found to be infectious only in a dilubon of one to fixe hundred 
Further titration expenments after the stram has been passed through 
several more generations will be needed before conclusions can be drawn 
as to the mfectivity of blood and other tissues It is clear, however, that 
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blood from one moribimd mouse was sufficient to infect fatally a considerable 
number of irradiated mice In routme passage experiments with mice 
given 450 R, the mortality followmg injection of 0 5 cc to 1 0 cc of peri- 
toneal washmg was regularly 95 to 100 per cent m 4 to 9 days It is espe- 
cially important to select a moribund animal for passage rather than to use 
one which has been dead even for a few hours Bactenal contammation m 
the latter mstance was not an mfrequent lindmg in our experiments 
Results Obtained in Normal Mice with Passage Material from Irradiated 
Mice — ^Normal mice faded to show any evidence of infection when mjected 
with passage material from irradiated mfected mice Eighty-six animals 
were moculated with pentoneal washmg, blood, or bram obtamed from the 
first to the fifteenth passages, inclusive, and from the eighteenth passage 
Attempts were made to mfect very young mice (1 day to 3 weeks old) on 
five occasions In two tnals ricLettsiae were demonstrable at death of the 
baby mice, but three additional experiments resulted entuely m failure It 
can be stated at present that as a result of eighteen passages m irradiated 
mice the stram had not acquired virulence for non-radiated mice with the 
possible exception of newborn animals 
Behavior of the Mouse Passage Strain in Guinea Pigs — ^To show iihether 
the organisms observed in the irradiated mice after serial passage were 
identical with the typhus nckettsiae originally mtroduced, gumea pigs were 
moculated intra-abdommally with matenal from the first, second, third, 
fourth, and eleventh mouse passages, allowed to recover, and then tested 
for immunity to the Breinl stram which had been mamtamed continuously 
m the gumea pig The daily temperatures of gumea pigs after injection 
■Ruth mouse passage material are recorded in Table la and Table 11b 
(Nos 7-84, 7-29, 7-31, 7-89) Table 15 represents the temperatures of 
some of those animals followmg the test dose with the Breml stram (0 1 gm 
of gumea pig bram removed on the 3rd or 4th day of fever), along with the 
temperatures of ten normal gumea pigs mjected with the same quantity of 
the same suspension of bram It should be stated that for the purpose of 
an experiment unrelated to this work forty-two normal gumea pigs were 
mjected wnth portions of the same pooled moculum The ten described 
here m detail are representative Of the forty-two normals, forty showed 
fever cun'es characteristic of European tjphus Temperatures over 104°F 
(40°C ) are set m bold-faced type and are taken to mdicate fever in our stock 
of gumea pigs It is evident from Table la and b that the guinea pigs given 
matenal from the first few passages m irradiated mice exhibited an irregular, 
atypical febrile response, but all were immune to a dose of mfective gumea 
pig blood and bram which caused fever m forty of forty-two normal controls 




^ere found m the blood culture (3 cc blood, SO cc broth, 2 weeks’ incuba- 
tion) The temperatures of guinea pig 38 are recorded in Table la and 
are typical of European typhus in the guinea pig (In a later experiment, 
three or four gumea pig passages sometimes were made before the tempera 
ture curve became consistent and tj^ical of European typhus ) On subse 
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blood from one moribund mouse rv as sufficient to mfect fatally a considerable 
number of irradiated mice In routme passage experiments nith mice 
given 450 R, the mortahty followmg injection of 0 5 cc to 1 0 cc of peri- 
toneal washmg was regularly 95 to 100 per cent m 4 to 9 days It is espe- 
cially important to select a moribund animal for passage rather than to use 
one which has been dead even for a few hours Bacterial contammation in 
the latter mstance was not an mfrequent findmg in our experiments 
Residts Obtained in Norinnl Mice with Passage Material from Irradiated 
Mice — ^Normal mice failed to show any evidence of infection when mjected 
with passage material from irradiated mfected mice Eighty-six animals 
were moculated with pentoneal washmg, blood, or brain obtamed from the 
first to the fifteenth passages, mclusive, and from the eighteenth passage 
Attempts were made to mfect very young mice (1 day to 3 weeks old) on 
five occasions In two tnals rickettsiae were demonstrable at death of the 
baby imce, but three additional experiments resulted entirely in failure It 
can be stated at present that as a result of eighteen passages m irradiated 
mice the stram had not acquired virulence for non-radiated mice with the 
possible exception of newborn animals 
Behainor of the Mouse Passage Strain in Guinea Pigs — ^To show ^\hether 
the organisms observed m the irradiated mice after senal passage were 
identical with the typhus nckettsiae origmally mtroduced, gumea pigs were 
moculated intra-abdommally inth matenal from the first, second, third, 
fourth, and eleventh mouse passages, allowed to recover, and then tested 
for immunity to the Breml stram which had been mamtamed continuously 
m the guinea pig The daily temperatures of gumea pigs after mjection 
mth mouse passage material are recorded m Table la and Table Hb 
(Nos 7-84, 7-29, 7-31, 7-89) Table lb represents the temperatures of 
some of those animals foUowmg the test dose with the Breinl stram (0 1 gm 
of gumea pig bram removed on the 3rd or 4th day of fever), along with the 
temperatures of ten normal gumea pigs mjected with the same quantity of 
the same suspension of bram It should be stated that for the purpose of 
an experiment unrelated to this work forty-two normal gumea pigs were 
mjected with portions of the same pooled moculum The ten described 
here m detail are representative Of the forty-two normals, forty showed 
fever ounces charactenstic of European typhus Temperatures over 104°F 
(40°C ) are set m bold-faced type and are taken to mdicate fever in our stock 
of gumea pigs It is evident from Table la and b that the gumea pigs given 
matenal from the first few passages m irradiated mice exhibited an irregular, 
atypical febrile response, but all were immune to a dose of mfective gumea 
pig blood and bram which caused fever m forty of forty-two normal controls 
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viously uninfected pigs (No 7 89) was sacnficed on the 10th day to initiate 
a new guinea pig strain which will be referred to as the M XI strain since it 
derives from the eleventh mouse passage It was mamtamed by routmc 


TABLE mo 

Temperatures of Guinea Pigs Given Pouime Inoculum of Brettd Gutnea Pig Brain 



TABLE HI a 

Temperatures of Recovered Bretni Guinea Pigs and Normal Controls Injected u-ilh 
Brain of M XI Strain 6th Generation 
(Temperatures in degrees above 300 F ) 


* Sacnficed for passage 
t Died of iDtercurrent bactenal infection 

brain passage through seven generations of gumea pigs Twelve recovered 
Breml gumea pigs, whose origmal mfection is recorded m Table Ufa, 
were given 0 1 gm of the bram and 0 2 cc. defibruiated blood of the fifth 
gumea pig passage of M XI, six normal control animals received identical 
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quent immunity tests witli the gumea pig passage strain, tlie second gen- 
eration pig 38 showed no fever (Table lb, No 38) The controls for gumea 
pig 38 are not mcluded m Table 15, tw'enty normal guinea pigs received 
0 1 gm of 10 per cent brain suspension of Breinl passage animals and nine- 
teen of the twenty showed characteristic temperature curves 

TABLE n a 

Temperaliires of Normal Guinea Pigs Given Routine Inoculum of Breinl Guinea Pig Brain 


(Temperatures in degrees above 100°F ) 



TABLE n 6 

Temperatures of Recovered Breinl Guinea Pigs and Normal Controls after Injection of Peritoneal 
Washing of Irradiated Infected Mice, Eleventh Passage 
(Temperatures in degrees above 100 0°F ) 



To test for complete cross immunity with the Breinl stram, five guinea 
pigs which had received gumea pig passage material and which had ex- 
hibited typical tjqihus temperature responses (Table 11a) were given a 
rest penod of 3 weeks or more and then mjected mtra-abdommally with 1 cc 
of mouse pentoneal washmg of the eleventh passage At the same tune 
four normal guinea pigs were mjected -mth the same moculum (Table 115) 
The normal gumea pigs developed an early fever and two exhibited very 
shght scrotal swellmg on the 4th da>, whereas m the recovered Breinl pigs 
neither of these morbid manifestations was observed One of the pre- 
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results suggest that an interval of 1 to 3 days between irradiation and 
infection is more suitable than an mterval of only a few hours, in that the 
animals succumb much more quicljy after moculation These results have 
been confirmed m another experiment sunilar to that shown m Table IV 
Effect of Irradwtton on Mice Not Injected with Infective Material — ^In 
these experiments an arbitrary period of observation has been set at 14 days 
The percentage of uninfected irradiated mice dying within this mterval 

TABLE V 


Effect of Irradtalton on Umnfected Control X£ice 


Date 

Doie o{ 1 ny 

Ko otmlcc 

Ho dtad end 
of U days 

Percent dead 
end of 14 days 

Average day of 
death 

Oct 17 

500 R 

5 

2 

^tr ctM 

40 

9 5 

19 ' 


6 

0 

0 


22 


6 

1 

17 

13 

26 


S 

2 

40 

10 

28 


6 

1 

17 

12 

29 


6 

2 

33 

12 5 

30 


6 

1 

17 

14 

31 


6 



— 

Nov 4 

< 

0 



8 

23 


6 



— 

Dec 17 


5 



11 

Nov 9 

450 R 

1 10 

1 0 

0 

— 

21 


5 

0 

0 

— 

27 


1 6 

0 

0 

— 

30 


6 

0 

0 


Dec 4 


S 

0 

0 

— 

9 


6 

0 

0 

— 

13 


5 

0 

0 

— 


IS shown m Table V which presents data lor 63 unmfected control mice 
given 500 R umts and 43 given 450 R umts Of the 500 R group, 23 per 
cent were dead at the end of 14 days, m the 450 R group all anunals survived 
the entire penod The survivors frequently show ruffled fur and may not 
eat for several days The injection mtra abdommally of sahne 2 or 3 days 
after irradiation may possibly lessen the seventy of postradiation sickness, 
but no attempt was made to determine this pomt accurately The irxadi 
ated control mice for the experiments here reported received mtra abdomi 
nally as routme either 0 5 cc normal sahne or 0 5 cc of the pentoneal 
washmg of a previously irradiated but uninfected mouse so that the control 
mjection would correspond as closelj as possible to that used m the passage 
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inocula The course of the infection in these animals is found m Table TTT /i 
from which it can be clearly seen that residence of the stram in mice had 
not altered appreciably its capacity to persist m serial gumea pig passage or 
led to obvious changes in immunologic properties The absence of 
scrotal swelhng as well as the findmg of nckettsiae m the tunica cells 
durmg early stage of mfection after long search in the M XI stram, and 
the similarity of the temperature curve to the Breml stram mamtamed 
constantly m gumea pigs mdicate that no permanent change m its charac- 
tenstics had taken place as a consequence of eleven mouse passages 

TABLE IV 


E^ecl of Irradiation of Mice at Different Intervals before Injection of Infections Material 



No 

rmce 

Date oC x ray 
(500 R) 

Date of 
infection 

Deaths^ tune after 
injection 

Average day 
of death 

Survival at 
14tb day 

Lot A 
Lot B 
LotC 
Lot D 

4 

4 

4 

4 

Oct 28 

29 

30 

31 

Oct 31 

31 

31 

31 

dayt 

4, 6, 7, 7 

4, 5, 6, 6 

3, 5, 6, 8 

10, 10, 10, 10 

6 0 

5 2 

S S 

10 

per cent 

0 0 

0 0 

0 0 

0 0 


No 

mice 

I Date of X ray (500 R) 

Deatlis, tune after irradratios 

Survival at 
14th day 

Lot A 
Lot B 
Lot C 
Lot D 

6 

6 

6 

6 

Oct 28 

29 

30 

31 

Controls 

1 

days 

12 

12, 13 

14 

per cent 

83 

66 

83 

100 


Microscopic sections of brams of first and sixth generation M XI gumea 
pigs were made, and lesions typical of typhus were demonstrated m each 
OpHmum Interval between Irradiation and Injection — ^The effect of varymg 
mtervals of tune between irradiation and mfection is illustrated m Table IV 
Four lots of mice of approximately the same weight were given 500 R units 
as follows lot A, Oct 28, lot B, Oct 29, lot C, Oct 30, lot D, Oct 31 An 
inoculum of pentoneal washmg of an irradiated, mfected moribund mouse 
(nmth passage) was prepared Oct 31 and 0 5 cc mjected mtra-abdommally 
mto four nuce of each lot about S hours after the irradiation of lot D The 
remammg six mice of each lot served as controls and received 0 5 cc of 
sahne washmg of the pentoneum of an immjected, irradiated mouse In 
lot A, x-rayed 3 days before mjection, death occurred 6 days after infection 
on the average, lot B, x-rayed 2 days before mjection, 5 2 days after 
mfection, lot C, x-rayed the day before mjection, 5 5 days after mfection, 
lot D, x-rayed and mjected on the same day, 10 days after mfection These 
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mtra abdominal route Rickettsiae were abundant and easily demonstrable 
m tbe moribund or dead mice 

The mortaUty of irradiated mice mfected with passage material (pen 
toneal washings or blood) was nearly 100 per cent as contrasted to no 
mortahty m the control mice given the same dose of x ray (450 R) and the 
same volume of flmd mtra abdommally (The observation penod of 
control rmce was arbitrarily limited to 14 days ) 

After eighteen passages m irradiated imce no mcrease m virulence for 
non irradiated adult rmce was detected 
After passage m guinea pigs, the nckettsial mfection denvmg from the 
mouse passage matenal was identical with the Breinl stram as judged by 
fever, cross immumty tests, and bram lesions m sections 

We wish to thank the x raj staff of the Huntington Memorial Hospital of Boston for 
their advice and cooperation 
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experiments Under these arcumstances organisms other than richettsiae 
but which resembled them might have become apparent in our strain of 
mice (especially if irradiation enhanced the conditions for the appearance of 
mouse pathogens) Although bactenal contamination of the peritoneal 
cavity occurred qmckly m irradiated mice foUowmg death, no organisms 
which could easily be mistaken for nckettsiae were demonstrated durmg 
the course of these experiments 


DISCUSSION 

In comparison with the mtranasal route used by Castaneda (3) with 
munne typhus and by Durand and Sparrow (4) with European typhus, the 
mtra-abdoimnal moculation of irradiated nuce provides a method which we 
believe is safer for the study of European typhus m the laboratory More- 
over, the results reported here suggest that it may well be possible to devise 
convement and accurate techniques for testmg the protective capacity of 
vaccmes and of antisera obtamed from eiqiermiental animals and convales- 
cent or vaccmated human bemgs The mtra-abdormnal route permits a 
more accurate measure of the quantities of mfectious material or protective 
serum admmistered than does the mtranasal route Titrations of the 
mfectivity of vanous matenals may also prove practicable and mexpensive 
through the use of the irradiated mouse Experiments with these objectives 
in mmd are now m progress 

The high mortality of the mfection, its relatively short duration (as 
opposed to gumea pig experiments), the ease with which nckettsiae may be 
demonstrated m the dead or dying mice, its sunplicity as an experimental 
method when contrasted with the takmg of guinea pig temperatures daily 
for several iveeks, represent distmct advantages of this method 

The chief disadvantage of the technique hes m the necessity for employing 
irradiation Obviously it would be much more satisfactory if the strain 
of typhus rickettsia could be adapted to normal mice, thereby reducing 
the hazard of apparent or latent infection with other organisms which the 
use of the x-ray may mcrease 

In regions uhere fertile eggs are expensive or cannot be secured, this 
method may' prove practical for the production of vaccme on a moderately 
large scale Tests for the efficacy of vaccmes prepared from pentoneal 
washmgs of irradiated mice are now m progress 

SUMMARY AND CONCLUSIONS 

A fatal mfection of irradiated white mice with the Breml strain of Euro- 
pean ty'phus has been established and passed senally for 22 passages by the 
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EXPLANATION OF PLATE 33 

Fig 1 Camera lucida drawings of the cellular peritoneal exudates of irradiated mice 
infected mth European typhus nckettsiae 

(o) The third passage in mouse infected with blood 
(6) The eleventh mouse passage infected with blood 

Note the comparative nchncss of intracellular and extracellular nckettsiae m eather 
and later mouse passages Stained by Macchiavello stain X 1300 



QUANTITATIVE CHEMICAL STUDIES ON COMPLEMENT OR 
ALEXIN 

I A METHOD*t 

Bv mCHAEL HEIDELBERGER, Ph D 

(From the Deparlmenl of Uedtani College of Phystemns and Surgeons, Columha 
University and tlie Presbyterian Hospital, New York) 

(Received for publication Match 22 1941) 

Whether complement or alexm be measured m hemolytic, opsonic, bac 
tencidal, or combinmg units, these units refer only to the smallest volume of 
gumea pig or other serum producing the effect m question and give no indi 
cation of the actual amount of complement mvolved The present study 
was undertaken in the hope of filling this gap and providing, m place of these 
relative and often vanable units, an absolute measure of complement m 
weight units The need for this seemed all the more indicated by the er 
tension of knowledge and the results of theoretical and practical mterest 
that followed substitution of the old relative dilution methods by quanti 
tative, absolute methods of antigen and antibody estimation confomung 
to the criteria of analytical chemistry (1-3) 

It has been known for many years that the titer of added complement or 
alexm is reduced by antigen antibody preapitation in rabbit antisera, but 
the actual addition of a complement component to such precipitates has 
not been shown duectly although hemolysis is generally mterpreted as 
mediated by the addition of complement to the red cell Indeed, Muir 

(4) has defined complement as “that labile substance of normal serum 
which IS taken up by the combmation of an antigen and its anti substance 
(immune body) ” Owmg to the accuracy with which speafically pre 
cipitable nitrogen may be measured, the quantitative preapitm method 

(5) seemed worthy of trial as a means of estunating any actual uptake of 
complement It was thought that any difference between the amounts of 
specifically precipitable nitrogen found m the presence of active comple 
ment, on the one hand, and m the presence of inactivated complement on 
the other, might serve as a measure, m milligrams of nitrogen per miUihter, 

•The work reported m this communication was earned out under the Harl-ness 
Research Fund of the Presbytenan Hospital 

t A prelunmarv note was published in Science 1940 92, 534 
681 
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of complement as defined bj Mmr, or of the combining component or com- 
ponents, or “mid-piece,” of a more complex complement Only after 
considerable experimentation \\as it realized, ho^\ever, that specific pre- 
cipitates should be capable of combining with far more complement, in 
volume units, than had ordinarily been supposed, and that relatively large 
volumes of guinea pig serum would be needed if a weight unit for comple- 
ment were to be established wnth any degree of accuracy For this reason 
manj earlier experiments are omitted 

Methods and Materials 

Complement — Sera from a number of large guinea pigs were pooled The lots for 
Expenmen ts 1 to 5 were neutralized in the cold to about pH 7 (phenol red) bj drop\\ise 
addition of n HCl In other expenments neutralization was either omitted or earned 
out bv means of 0 15 x HCl in 0 9 per cent saline Differences between the neutralized 
and the corresponding untreated samples were scarcelj greater than the anal} tical error 

Inactivation b} the standard procedure, 30 minutes at S6°C , did not alwa}s suffice to 
reduce to a minimum the amount of nitrogen taken up b\ spcafic precipitates from in- 
activated complement For inactivation in the later experiments the guinea pig serum 
was rapidlv heated in a water bath at 56° until a thermometer in the serum reached 56°, 
after which heating was continued for 45 to 50 minutes The inactivated scrum was 
chilled and, with the corresponding active serum, was allowed to stand m the cold over- 
night and centrifuged before use 

Sheep Red Cells and Uemol^stn — These were obtained from the \\ assermann Labora- 
torv of the Presbvtenan Hospital* and were the usual 5 per cent sheep cell suspension 
and hemolv sin ddution used for the Wassermann test An equal volume of hemol} sin 
dilution containing 2 “units” (estimated in the usual way with excess complement) 
per 0 1 ml was stirred into the cell suspension As so diluted the cell count varied from 
about 830,000 to 1,500,000 per emm ,- but this did not appear to affect the hemoly- 
tic titer found for the active gumea pig serum even though an equal volume of hemol} sin 
dilution was used in each instance 

nenolyltc Titer of Complement — This was estimated while the precipitin nitrogen 
anal}scs were being run b} addition of varving quantities of 1 50 or 1 100 guinea pig 
serum to 0 2 ml of the sensitized red cell suspension and incubation in a water bath at 
37-39°C for 20 minutes The number of hemol} tic units per milliliter of undiluted 
serum was calculated from the smallest volume giving complete hemol} sis Anal}scs 
are reported onlv on pools show ing more than 150 per ml of the "units” used 

Estimation of Speaficalh Preapitable Nitrogen — Quantitative determinations were 
made (5) with proportions of antigen and rabbit antisera so chosen that not quite all of 
the antibodv vas preapitated This avoided the formation of disc like prcapitates 
which are difficult to disintegrate and wash thoroughlv Since the measurement of a 
presumablv small difference between two quantities of precipitate nitrogen v as to be 

* Through the kindness of Miss Edna Bal cr, in charge 

- Counts kindlv made b} Mrs Kathenne E Smith of the Hematological Laboratory , 
Presbvtenan Hospital 
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attempted anal>ses ^^e^e run in tnplicate unless otherwise indicated as an additional 
precaution to ensure the greatest possible accuracy Moreover all supernatants i\ere 
again centnfugcd, as m the quantitative agglutmation procedure (6) and on account of 
the relatively large amounts of guinea pig scrum required, all tubes were \iashed three 
times with chilled sahne instead of twice as is usual for ordinary anaU ses (5 6) Bata 
given and conclusions drawn bj Haurowilz (7) as a result of experiments along the same 
hnes indicate that the technical difficulties involved were underestimated by this worker 

The rabbit antisera used were neutralized and inactivated for Experiments 1 to 5 
and were of high antibody content so that analyses could be made at dilutions which 
were not anticomplementary In Experiments 1 to 5 1 0 ml portions of rabbit anti 
serum dilution were added (each m tnplicate) to 5 ml samples of 0 9 per cent sahne, 
5 0 ml portions of heat inactivated gumea pig serum and 5 0 ml samples of an unheated 
portion of the same guinea pig serum pool The contents of the tubes v ere mixed and 
1 0 ml of antigen dilution was added to each tube and mixed Blank tubes were also 
set up with active or inactivated complement to which sahne antigen, or antiserum alone 
was added After 1 hour at room temperature or longer if aggregation did not occur 
within 1 hour in the active complement senes the tubes were centnfuged m the cold* 
and the analyses were completed as desenbed above In the later expenments neutrah 
zation and inactivation of the rabbit antisera were omitted owing to the high 
dilutions used 

Hemolytic units in the supernatants from the tubes which had contained active com 
plement were computed from the largest non anticomplementary volume failing to show 
appreciable hemolysis, and were therefore actual]> much less than the number indicated 
except in Expenments 2 and 5, in which complete hemolysis was actuall> obtained at 
the level given Washings from the preapitm tubes which had contained active comple 
ment were also tested and found free from complement, showing that dissoaation did 
not take place dunng the washing procedure This was also noted by earher workers 

EXPERIMENTAL 

Experiment 1 — ^Temperature 23 C 45 ml of neutralized, centnfuged guinea pig 
serum (CO* used, of which one half was inactivated (iC ) Anti Pn* m rabbit serum 
606« 7 0 mg antibody N per ml diluted with 6 volumes salme neutralized and in 
activated S III in sahne 0 04 mg per ml C 'titer 250 hemol> tic units per ml 


* Using a refngerated centnfuge manufactured by the International Equipment 
Company Boston 

* Owing to the frequent use of the symbol C to denote bactcnal somatic spcafic poly 
•^cchandes it is proposed in agreement with Dr Ecker and Dr Pillemcr to use the 
symbol C for complement and iC for inactivated complement So called mid piece 
would then be C 1 to denote first component end piece « C 2 and third and fourth 
components C 3 and C'4 In the present papers the nitrogen added to spcafic pre 
apitates is designated C 1 N as it is generall> stated that onl> mid piece acts as com 
binmg component m such instances However this ma> be an oversimplification (com 
mumcation from Dr Ecker and Dr PiUcmer) 

Pn is used for pneumococcus S with the appropnate numeral for tvpc-speafic poly 
sacchande of Pn 
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No of tubes 1 

1 i 

1 1 

2 

1 

1 

3 

3 

3 

C', rrl 

4 0 

4 0 






5 0 

iC', n-l 




3 0 

3 0 


5 0 


Semm dilution, ml 

0 8 


1 0 

0 6 


1 0 

1 0 

1 0 

S ni dilution, ml 


0 8 



0 6 

1 0 

1 0 

1 0 







fo 584 

fo 634 

(O 740 

N prcapitated, mg 

0 012 

0 016 

0 

0 018 

0 020 

jo 594 

jo 624 

jo 738 



1 




[O 586 

io 636 

[O 736 

Mean 

0 014 


0 019 

0 588 

0 632 

0 738 

Subtraction of blank 






0 

0 032* 

0 018t 

Speafic N pptd , mg 






0 588 

0 600 

0 720 

Subtraction of iC' senes v alue 







0 600 

C'l N pptd , mg 








0 12 


HcmoKUc units left m C' senes supernatants, <10 per S ml C' taken 
•0019 X 5/3 
to 014 X 5/4 


Expcnircnl 2 — Temperature, 23-25‘’C Neutralized, centnfuged guinea pig serum 
first filtered through gradocol membranes, 700 mp average pore diameter ® 52 ml fil- 
trate, 250 hcmolj tic units per ml , 22 ml C inactivated Same rabbit scrum diluted 
mth 9 volumes saline, inactivated, filtered as above, neutralized S III in saline, 0 028 
mg per ml 


No o! tubes 

2 

t 

1 

2 

3 

3 

3 

1 

C, ml 

5 0* 

5 0 






5 0 

iC', ml 



5 0 






Serum dilution, ml 

1 0* 


1 0 

1 0 

1 0 



0 5 

S ni dilution, ml 


0 5 




1 0 

1 0 

0 5 

Sahne, ml 

1* 


1 

4 

4 









[O 392 

fo 422 



N pptd , mg 

0 006 

0 012t 

0 016 

0 

jo 388 

jo 416 

jo 574 

0 274 






[O 386 

[o 426 

(,0 578 


Mean 

0 009 

0 016 

0 389 

0 421 

0 574 

0 274 

Subtraction of blank 





0 

0 016 

0 009 

0 

SpcaBc N pptd , mg 







0 565 

0 274 

Subtraction of iC' senes value 







0 405 

0 203f 

C' 1 N pptd , mg 







b 16 

0 07 


HemoUtic units left in O' senes supernatants, 40 

“ “ “ “ C', 0 5 S ni, 0 5 serum supernatants, 200 

• 0 9 of the^ quantities actuallj used m the second blank tube 

t The supernatant from this tube, after reccntnfugation, vas treated with 0 5 ml of the rabbit 
anti Pn III scrum dilution, oath the result gucn m the last column of the table 
I One half o^ 0 405 (preceding column) 

‘ The membranes and filtenng apparatus were 1 indl> supplied bj Miss Kathennc C 
A Tills of this department 
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Expenment 3 — 65 mL of guinea pig serum were neutralized and filtered as m the pre 
ceding experiment The filtrate contained 200 hemolytic units per ml One half was 
mactivated as before PrecipiUn reactions were first carried out in both portions with 
anti Pn horse serum, which is known not to fix complement (8, 9) Anti Pn I horse 
serum 902 ® contammg 3 14 mg of preapitin N per ml was us^ after neutralization 
The reactions were run as follows m 50 mL centnfuge tubes, preapitates were centn 
fuged after 1 hour at 20 C and washed 3 times with 10 ml of chilled sahne All super 
natants were recentnfuged The washed precipitates were dissolved in alkah and nnsed 
into 20 ml volumetnc flasks Two 6 0 ml samples of each solution were analyzed 


C ml 
iC' nd 

30 , 

1 

30 



1 5 

Saline ml 

1 

1 

30 

30 


Anti Pn I serum ml 

1 0 1 

1 0 

1 0 

1 0 1 


S I 0 5 mg per ml ml 

1 0 

1 0 

1 0 


0 05 

N pptd from aliquot mg 

Jo 784 
\0 790 

jo 784 
\0 788 

fo 746 
\0 746 

0 002 

i 

0 

N pptd from entire samplef mg 

2 62 

2 61 

2 48 



N pptd per S ml C iC', saline resp mg 

0 437 

0 435 

1 0 413 

i 



* Quahtativc test 
tLcss blank 


The C and iC' supernatants recovered from the above reaction were then employed 
m a preapitin reaction with mactivated neutralized rabbit anti-egg albumm (£a) serum 
3 87 II which had been diluted with 4 volumes of saline containing 1 10 000 mertbiolate ^ 


Ko o( tubes 

1 

1 ' 

t 

1 

3 

3 

3 

3 

C ml 
iC ml 

5 S* 

i 5 5* 

5 5* 




1 5 S* 

' 5 S» 

1 

Anti Ea serum dilution, ml 

1 0 ' 



1 5 5 

1 0 


1 0 


Ea 0 036 mg NpcrmL ml 


0 2 







Salme ml 

! 

1 




6 S 

5 5 
fo 478 

(O 493 


N pptd mg 

0 016 1 

0 016 

drni 

Edi 

■«l 


<0 494 





1 

1 1 

1 

|{jQ 



Mean 

1 0 016 { 

1 0 014 

0 479 

QQi 

0 619 

Subtraction of blank mg 






0 

0 014 

0 016 

Speafic N pptd mg 






0 479 

0 484 

0 603 

Subtraction of iC senes value 








0 484 

Cl N pptd mg 








0 12 


Hemol) Uc units per 5 mL of ongmal C 1000 

t after addition of anti Pn I horse serum 730 

t pptn of S I anU S I 670 

t Ea anti Ea “^3 

• Corresponding to 5 0 ml of ongmal C or iC 
t Calculated to onginal volume 


® Obtained through the courtesy of Dr R H MucLenfuss Miss A Walter and Dr 
E M Schryver of the New York City Department of Health 
Manufactured by Eh Lilly Company, IndianapoUs 
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QUVXnXATrVTE CHXinCAl, STUDIES ON' COirPLE^tE^'T I 


Expcnn’C) I 4 — ENpenmcnt 3 \\as repeated with omission of the filtntion and use of 
onl\ one half the quantities of antipneumococcus horse scrum and S I The amounts 
of nitrogen precipitated in the presence of sahne, 32 ml of iC', and 32 ml of C’ were 
1 136, 1 276, and 1 344 mg , rcspcctia eh , or 0 210, 0 236, and 0 247 mg per aliquot por- 
tion (6 5 ml out of a total of 35 ml ) used m the second half of the cvpcrimcnt w ith Ea- 
anti-Ea In this portion of the expenment the mean a alucs for N precipitated in the 
presence of saline, iC', and C' were 0 4S2, 0 300, and 0 644 mg, respectu eh , gning 
0 144 mg as the amount of C'l N found In Table I there is added to this amount 
the 0 01 mg C'l N apparentJa brought doaan ba the corresponding aliquot of the S I 
anti-Pn I horse specific prcapitate 6 5 ml of the supernatant from the S anti S pre- 
apitate contained onla 1100 hemohtic “units" although the number in the complement 
onginalh taken was 14S0 ® This last number is used in Table I in calculating the 
complement N precipitated per 1000 “units " After precipitation of the Ea anti-Ea 
the supernatant contained -^40 “units ” 

TABLE 1 


Complement A ttroger Added to Specific Precipitates 


Expenmenl 

No 

Total nitrogen preapitatcd 

Total complc 
ment N pre 
apitated 
(CIN) 

Complement N precipitated (C 1 N) 

in presence of 
active 
complement 

m presence of 
inactivated 
complement 

per 1000 hemo- 
l>t}c units 
taken up 

per 5 ml 
active guinea 
pig serum 

per ml 
active guinea 
pig serum 


r-s 

ms 

ms 

ms 

ms 

ms 

I 


0 600 

0 120 

mmM 

0 120 

0 024 

2 


0 405 

0 160 


0 160 


3 


0 484 

0 119 

0 119 

0 119 


4 


0 500 

0 154* 

0 IW 

0 131 


5 


0 611 

0 162 

0 141 

0 162 



* 0 144 -b 0 01 apparentlj added to the imtial S I anti Pn I horse serum specific precipitate 


Expenmenf 5 — 84 ml of neutralized guinea pig scrum were used, of which 28 ml were 
left m the native state (C'), 28 ml were inactivated in the usual wa> (iC'), and 28 ml 
were warmed to S6°C with the thermometer m the serum and left at 56° for 5 minutes, 
the serum being exposed to 50° and over for a total of 10 minutes (I'C') Both iC' and 
I'C' were incapable of hcmoljzing sensitized sheep cells In order to test the validitj of 
av eraging the blanks, as had been done prcvnouslv , a third blank tube was added in each 
senes containing onlv the appropnate portion of guinea pig scrum and saline Owing 
to the increased number of blanks the precipitin determinations were run onl> in dupli- 
cate \ftcr the onginal set of tubes and the supernatants had been centrifuged the super- 
natants from each set of antigen and antibodv blanl s v ere combined, as indicated in the 
protocol, givnng another set of independent determinations with twice the quantity of 
C', iC', and I'C' After 1 to li hours these were ako centnfuged and the analyses and 
hemoh tic tests completed The rabbit scrum and dilution used v ere the same as in 
Experunent 1 The S III solution contained 0 042 mg of S III per ml 


* 4Mien Utrated as indicated in Table I of the folloi mg paper the original complement 
and the supernatant from the S I precipitate showed little difference 
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Hemolytic umts taken m mam senes 1180 

left m C supernatants 30 

taken m combined blank supernatants 2360 

left 85 


* The supernatants from each pair of S HE and serum blanks were recentnfuged and then 
combmed and nuzed m a third set of tubes Unavoidable losses would probabl) increase K 
pptd by 3 to S per cent 

t Omitted as Kjeldahl Qask bumped durutg digestion 

t Corrected for 0 14 ml removed for hemolytic test from each blank supernatant before 
mmng deducting the value 0 624 in the next column from this gi\es 0 24 m excellent agree 
ment and is perhaps more accurate smee double quantities were used 

Lxpenmcnl 6 — The guinea pig serum used was not neutralized Titer 400 units 
perml Possibl) owingtothehighacti\it>,mactivationfor3SiDmutesatS6 destroyed 
only one half of the combining power although hcmol>tic activity had entirely dis 
appeared For this reason the iC N value Avas calculated b> addition of 0 01 mg of N 
for each 3 ml of guinea pig serum used to the amount of N preapitated by S HI from 
anti S HI diluted with saline, this being approxiinateI> the mcrease between the salt 
and iC' runs calculated from Experiments 1 to 5 With this as a basis it was possible to 
estimate C'l N from duplicate preapitations of S III anti S in m the presence of 3 0 
and 6 0 ml of the active guinea pig serum It will be noted from Text fig 1 that more 
C'l N per ml was preapitated from 3 ml of guinea pig serum than from 6 ml (0 046 and 
0 032 mg respectively) although judging b> the hemolytic activit) less than 40 units 
of complement remained m the latter supernatant 

3 0 mL portions of the same pool were also run at 0 for 24 hours but only 0 037 mg 
of C 1 N per ml were added Possibly maximal values w ould have been reached in 48 
hours as m the preapitm reaction (5) 

Lxpentnail 7 —Portions of another gumea pig serum pool -vrcie tested untreated 
(active pH 8 07 inactivated pH 8 33) and neutralized with 0 15 N HCl m 0 9 per cent 
sahne (active pH 6 75 inactivated, pH 6 78 after addition of a bttlc more aad to replace 
the COt evolved) Titer dunng experiment untreated 290 units,’ neutralized 250 
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“units ” In this instance, also, mactnalion for 30 minutes after the serum tcmpcnturc 
reached 56° u-as insuffiaent to dcstroj all combining component, although imctuation 
in this respect Mas nearlj complete m the alkaline, untreated portion iC' N ms cal- 
culated as in the preceding experiment With 4 0 ml of untreated nctn c guinea pig 
serum 0 035 mg of C'l N per ml Mere precipitated, Mhile from 6 0, 4 0, and 2 0 ml of 
the neutraluied pool, 0 029, 0 033, and 0 042 mg of C' N per ml Mere precipitated b> 
S ni-anti-S in, corrected for the dilution attendant upon neutralization Thus the 
same decrease per milliliter Math increasing amounts of complement v as noted in this 
instance (see text-figure) although in all cases practically all hemolytic actniti Mas 
removed b\' the specific precipitate 

With this pool, also, a 24 hour run at 0° yielded slightly lower results than at room 
temperature 



Text-Fig 1 Amount of complement combining component nitrogen (C'l N) pre- 
apitated as a function of the volume of guinea pig serum used 

The numbers at each point refer to the expenment 7* = combined serum and 
S III blank supernatants 

Lxpentnet t S — Complement not neutrahzed, merthiolate,’’ 1 10,000, added before 
alloMung to stand in the cold overnight Titer 200 “units” Heated portion fuUv 
inactivated mth respect to combining component in 50 min at 56° Data for 2 0 and 
4 0 ml of complement are plotted in the text-figure \ alues m this senes were compared 
undiluted and at a v olume of 10 ml , 0 9 per cent saline being the diluent The additional 
electrolv te shghtiv increased the amount of C'l N found throughout the senes, but the 
differences Merc scarcelv outside the analvtical error 

3 0 ml of the supernatants from the prcapitation of S HI anti-S 111 in 4 0 ml of 
undiluted active’ and inactivated complement vere again set up, in duplicate, with 

’ The supernatant from the speafic prcapitation in activ e complement v as, of course, 
mactiv e hcmolv ticallj 
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appropnate blanks with 1 0 ml of anti S HI and S III dilutions The amounts of 
nitrogen precipitated were sahne anb S m, S IQ 0 538 mg , iC', anti S HI, S m, 
0 552 mg , C , anti S HI, S HE 0 546 mg Only traces of non specific nitrogen were 
removed from the C' and iC' supernatants, showmg the C'l N to have been completely 
absorbed by the first preapitabon 

Expertmtnt 9 — Complement neutrahaed as in Expenment 7 merthiolate added 
Titer 170 ‘units per ml Inactivation as in Experiment 8 Data plotted in text 
figure 

Fractionated Complement — Complement was separated by dialysis or by 
dilution with water and precipitation with COj into the precipitable com 
bmmg component and so called “end piece ” The former, redissolved in 
sahne, added mtrogen to antigen antibody precipitates, much as did whole 
gumea pig serum, while the supernatant or “end piece” behaved hke m- 
activated complement This phase of the work, which should be of value 
in the isolation of complement components, will be dealt with m a separate 
communication 


DISCUSSION 

It was apparent even in the very first of the experiments described above 
that active complement affected specific precipitation differently from in 
activated complement or a correspondmg amount of sahne Particulation 
was greatly delayed m the tubes conlaming active complement and the 
precipitate remained more finely divided and settled less readily than m the 
other tubes In later experiments, in which relatively larger amounts of 
saline were used as diluent, this effect was less marked 
The protocols of the runs, the summary in Table I, and the text figure 
all show that appreciable quantities of mtrogen may be added to specific 
precipitates from rabbit antisera when these are formed in the presence of 
2 ml or more of active complement or alexin Deposition of the same 
quantity of antigen antibody nitrogen m the presence of complement fully 
inactivated by heat results in the separation of httle or no more nitrogen 
than IS precipitated when a sunilar volume of physiological salt solution is 
used as diluent Proportions of reactants were so chosen that substantially 
all of the hemolytic activity of the complement disappeared during the 
precipitation If, therefore, all of the nitrogen added by the active comple 
ment, as in Experiment 1, were actually derived from this substance, the 
increase would serve as a measure, m weight units, of complement as defined 
by Muir (4) or of one or more of its components, chiefly the so called “mid 
piece,” if complement is defined m terms of its hemolytic activity (10) 

It might be objected, however, that m Experiment 1 the increased nitro- 
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gen or a part of it Mas due, not to the active complement that disappeared 
from solution dunng the precipitation, but to an invisible, non-ccntrifugable 
nitrogenous component of guinea pig serum which bore no relation to com- 
plement and which dissolved irreversibly when the serum was inactivated 
by heating at 56°C Expenment 2 was carried out in order to test this 
possibility It will be noted that a relatively large amount of guinea pig 
serum was filtered through gradocol membranes of 700 mju average pore 
diameter with little loss of complement actmty The filtration should, 
of course, have removed an}' suspended solid such as the hypothetical sub- 
stance in question In spite of this, even more nitrogen was added to a 
smaller quantity of specific precipitate bv the active complement pool used 
in this instance 

Since excess antibod}' was employed in the precipitin estimations, it 
might also be objected that active complement might permit antigen to 
combine more completely with antibody and so cause an increase in an- 
tibody nitrogen to be mistaken for C'l N Several types of expenment 
showmg this objection, also, to be invalid, wall be reported in another 
connection 

Expenment 3 was designed to test another possible objection, namely, 
that the added nitrogen might not be due to complement itself, but to an 
easily adsorbable soluble substance capable of adding to any precipitate 
formed in the solution It was recalled that specific precipitates from anti- 
pneumococcus horse sera do not fix complement (8, 9) However, their 
general similanty to the rabbit precipitates made it appear possible that 
any easily adsorbable substance would be removed independently of the 
complement Then, if the complement remained, and were specifically 
bound by an antigen-rabbit antibody precipitate formed in the supernatant 
any added nitrogen would seem more rigorously due to the complement 
itself In order to repeat the test for the other interfering substance postu- 
lated in Experiment 2 the guinea pig serum pool was first filtered through 
gradocol membranes of 700 mp a p d before addition of Type I antipneu- 
mococcus horse serum containing antibody equivalent to the amount of rabbit 
antibody to be used later It will be noted from the protocol (page 685) 
that practically identical quantities of nitrogen were precipitated by S I 
from the active and inactivated complcment-anti-Pn I horse serum mixtures, 
a behavnor in sharp contrast to that of the S Hl-anti-S HI rabbit system 
That suitably prepared S I absorbs complement with rabbit anti-S I had 
alread} been shown (9) and this was confirmed with the preparation used 
in the present experiments It will be noted, also, that the nitrogen pre- 
cipitated from the active and inactivated complement tubes exceeded that 
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from the sahne tube by about 0 02 mg per S ml of active or inactivated 
complement, an amount comparable to the difference between the sahne 
and mactive complement controls in the other experunents This small 
difference may partly represent hpid nitrogen (i/ Horsfall and Goodner 
(II)) carried down by the specific precipitates from the guinea pig serum, 
the more so as these precipitates, dissolved in alkali, often formed imtially 
shghtly turbid solutions The difference is also due m part to traces of 
non specific nitrogen remaming m spite of the three washings last part 
of Experiment 8) 

The egg albumin rabbit anti Ea precipitates formed m the second half of 
the experiment (page 685) not only dissolved in alkali to form clear soluhons, 
mdicatmg that hpid had been removed by the first precipitate, but also 
showed a difference between the active and inactivated complement tubes 
entirely comparable with that in Experiments 1 and 2 It would seem 
difficult to explain this outcome on any basis other than that the nitrogen 
difference was due to the active complement taken up The experiment 
was repeated (No 4) and gave a similar result 

It was noted m the experiments with antipneumococcus horse serum that 
the number of hemolytic “units” was reduced by about one quarter bj mere 
addition of the horse serum and by about one third after the preapitation 
with S I even though the precipitate faded to add a measurable quantity 
of complement nitrogen Since the amount of complement nitrogen 
expected from the ongmal number of “units” was added to the rabbit specific 
preapitatc subsequently formed in the active supernatant it would seem 
that the anticomplementary action of the horse scrum was directed against 
a property concerned with hemolysis rather than against the combmmg 
property of the complement If this were true the present method for the 
estimation of complement or its combmmg component would not only 
supply measurements in weight umts but would also provide an independent 
means of measurement by w hich factors controUmg the hemolytic properties 
of complement could be more accurately defined 

While It IS hoped to carry out a detailed study along these Imes m the 
near future. Experiment S was undertaken as a test of the feasibihty of 
such a study It was also desired to check the practice, followed up to this 
point, of averaging the blank values obtained on addition of antigen or 
antibody separately to the complement samples It is evident from the 
protocol that this procedure is justifiable, smee the blanks obtained in 
this way did not differ from those to which sahne alone had been added 

This has also been confirmed m a subsequent run 
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QUANTITATIVE CHEMICAL STUDIES ON COMPLEMENT OR 
ALEXIN 

II The Interrelation of Complement with Antigen Antibody 
Compounds and wth Sensitized Red Cells* 

By mCHAEI HEIDELBERGER Pn D ALFRED J WEIL M.D , and 
HENRY P TREFFERS Pn.D 

(From the Department of Medicine, College of Pkysiaans and Surgeons, Columha 
UnnersUy and the Presbyterian Eosptlal, New York) 

(Received for pubbcation March 22, 1941) 

In the preceding paper (1) a method was described by which complement, 
or that portion of it which combmes with antigen antibodyprecipitates, 
could be measured m weight units, that is, m absolute rather than relative 
terms It as estunated that the samples of pooled gumea pig sera anal> zed 
contamed from 0 04 to 0 06 mg of complement nitrogen per ml , correspond 
mg to 0 25 to 0 4 mg of complement combining component, if the substance 
IS a globulm, as seems certam (2-4) With the aid of these figures it is now 
possible to define quantitative relations, under the conditions used, between 
complement, antigen, antibody mcluding hemolysin, and the sensitized 
sheep red cell 

It has long been known that titration of varymg amounts of hemolysin 
against varying quantities of complement yields dilution end point curves 
roughly of parabolic form This renders difficult the establishment of 
definite “units” and the determination of the minunal amounts of antigen, 
antibody, hemolysin, and complement effective m complement fixation tests 
Full data are therefore given below, and from these it should be possible to 
derive any conventional “umt” desired whether it be based on initial, 50 
per cent, complete hemolysis, or some other factor \Vhile such “units” 
have hitherto been of great practical value they are not essential to a con 
sideration of the relations between the reacting components in complement 
fixation and are therefore not used m the present discussion 

experimental 

The Relation hcluccn Complemenl, Hemolyzin, and Red Cells — ^The rabbit 
anti sheep cell hemolysin used in Expenmen ts 1,2, and 3 of the preceding 

•The work reported in this communication was earned out under the Harkness 
Research Fund of the Presb) tenan Ho^ital 

695 



TABLE II 

Tilral on cj Cotrp'etrcrl ai d nenwhsin 



Hcno^3*sm N 

1 

Complement ml 

10 X 10-3 

C 1 N * 0 57 

6 25 X 10-» 
Cl N - 0 37 

4 X 10-3 

C 1 N - 0 27 

2 5 X 10-3 

C 1 N - 0 137 

1 67 X 10*3 

C - OOSy 

r-J XiO-s 

■BH 






6 


c 

c 

c 

c 

ac 

4 

■H 

c 

c 

c ' 

c 

m 

3 

0 015 

c 

c 

c 

ac 

m 

2 

0 01 

c 

c 

ac 

m 

si 

1 5 

0 OOS 

c 

c 

st 

si 

tr 

1 

0 005 

st 

m 

si 

0 

0 

0 75 


m 

si 

si 

0 

0 

0 5 


si 

1 tr 

0 

0 

0 

0 


0 

0 





SjTnbols 0 = no hcmoljsis, tr = trace, si = slight, m = moderate, st = strong, ac = almost 
complete, c = complete hcmolj sis 


TABLE m 

Fixalion of Complement by S and Anltpnetmococcus Type III Rabbit Serum 


IQ X 10^ ml hemolysin or 0 057 hemol>^m N 



0 17 s III 

1 0 017 s m 

Anubody 

N 

Complement ml 



Complement ml 






4 X 10-3 
CIN - 
0 27 

2 S X 10-3 

CIN- 
0 137 

to X 10-3 

C'lN - 
0 57 


4 X 10-3 

C 1 N - 
0 27 

2 5 X 10-3 
CIN - 
0 137 

7 
















5 

0 

0 

0 

0 

0 0 

0 

0 

st 

c 

Ir 

si 


0 

0 

0 

3 

0 

0 

0 

0 

0 0 

0 

0 

m 

c 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 0 

0 

0 

5l 

c 

0 

D 


0 

0 

0 

1 

0 

0 

0 

0 

0 0 

0 

0 

si 

c 

0 

0 

0 

0 

0 

0 

0 6 

0 

0 

0 

0 

0 0 

0 

0 

■1 

c 
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0 

0 

0 

0 

0 


0 

st 

0 

0 

0 0 

0 

0 

■1 

ac 

0 

0 

0 

0 

0 

0 

0 2 

tr 

c 

0 

0 

0 0 

0 


0 

st 

0 

0 

0 

0 

0 

0 

0 12 

nc 

c 


m 

0 0 

0 


ac 

c 

0 

m 

mi 

0 

0 

0 

0 05 

c 

c 

St 

c 

tr m 

0 

0 

c 

C 

m 

c 


m 

0 

0 

0 w 

c 

c 

c 

c 

m c 

0 

m 

c 

c 

c 

c 

m 

ac 

0 

0 

0 024 

c 

c 

c 

c 

ac c 

0 

c 

c 

c 

c 

c 

m 

c 

0 

tr 

0 016 

c 

c 

c 

c 

c c 

0 

c 

c 

c 

c 

c 

ac 

c 


st 


c 

c 

c 

c 

c c 

0 

st 

c 

c 

c 

c 

c 

c 

0 

st 

3 X 10^ hemobsm or OOlSy hemolysin N 

5 

0 

m 

0 

0 

0 0 



c 

c 

tr 

>1 

B 

m 



3 

0 

fl 

0 

0 

0 0 



st 

ac 


tr 

0 

0 



2 

0 

fl 

0 

0 

0 0 



m 

st 

0 

0 

0 

0 



1 

0 

m 

0 

0 

0 0 



m 

st 

0 

0 

0 

0 



0 6 

0 


0 

0 

0 0 



si 

m 

0 

0 

0 

0 



0 A 

0 

m 

0 

0 

0 0 



0 

ii 

0 

0 

0 

0 



0 2 

m 

st 

0 

0 

0 0 



tr 

m 

0 

0 

0 

0 



0 12 

ac 

c 

m 

ac 

tr »1 



st 

c 

si 

n 

0 

0 



0 OS 

c 

c 

c 

c 

si st 



c 

c 

st 

ac 

si 

m 



0 W 

c 

c 

c 

c 

C C 



c 

c 

c 

c 

c 

c 



0 

c 

c 

<= 

c 

c c 



c 

c 

c 

c 

c 

c 


- 


S\Tnbols 0 = no hemoljcis, tr = trace, si = slight, m >= moderate, st = strong, ac = almost 
complete, c = complete hemoljsis 
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45 mmutes at 37 C each tube received a mixture of 0 1 ml of 4 per cent sheep red csU 
suspension and 0 1 ml contammg the volume of hemolysin given m the subheadmg of 
Table HI Control rows of tubes contammg salme instead of S HI were included with 
each complement dilution These showed complete hemolysis at the end except for the 
2 5 X 10~* complement dilution which was unhemolyzed at the first readmg and not 
entirely hemolvzed at the end This dilution is therefore not used m computmg reacting 
quantities and is included m the table both to show the limit of sensitmtj of this mode 
of titration and to indicate an uncertainty m the calculations If 0 13 y of C'l N did 
not always suffice for complete hemolysis under the conditions desenbed it is equall> 
imcertain whether all of the C 1 N present m the system was taken up in complete mhibi 
tion of hemolysis At this stage it would appear premature to attempt any correction 
for these unknown and apparently vanable factors especially as this would involve de 
ductions at each end of the hemolysis scale which might be equal and thus cancel out 
Any lack of homogeneity m the complement combming component would also have to 
be considered m this connection 

In each column of Table IH the first row of symbols mdicates the reading after all 
control tube<i except those mentioned above were completely hemolyzed. The second 
row of symbols shows the reading after 10 minutes additional standing at room tempera 
ture after which there was no appreaable change The first readings appear to give 
more sensitive indications of zone effects than the final ones and are included for possible 
future reference 

It IS evident from Table m, subject to the uncertainties previously men 
tioned, that as little as 0 12 7 of anticarboh> drate N m antipneumococcus 
Type ni rabbit serum may take up as much as 0 2 7 of complement N, 
or complement combming component (C'l) N m the reaction of 0 1 7 of 
S HI with the antibody Similarly 0 2 7 of anticarbohydrate N and 0 1 7 
of S HI take up 0 3 7 of C'l N in combining At these high dilutions the 
solutions remain crystal dear until the hemolytic system is added With 
the above proportions of S HI and antibody the sensitivity of the test for 
complete fixation of complement decreases to 0 2 7 of antibody N if the 
hemolysm m the hemolytic system is reduced from 0 05 7 to 0 015 7 of N 
This difference m sensitivity vanishes when only 0 01 7 of S lU is used as 
antigen possibly because the S HI antibody proportions are then more 
nearly equivalent at this end of the reaction range (10) The limit of sen 
sitmty as regards antibody N reraams the same, however, as at the higher 
level of S III concentration It is also to be noted that 0 01 7 of S IH does 
not suffice for the complete fixation of as much as 0 5 7 of C'l N between 
the hmits of antibody concentration used, while a definite zone of complete 
fixation occurs with 0 3 7 of C'l N extending over a 10 to 15 fold range of 
antibody concentration In the senes m which 0 1 7 of S HI was used, 
however, 0 5 7 of C'l N was readily taken up at antibodj N levels of 0 4 7 
and above 

In Table IV are giv en similar data for Ea and anti Ea rabbit serum This 
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45 minutes at 37 C each tube received a mixture of 0 I ml of 4 per cent sheep red cell 
suspension and 0 1 ml containing the volume of hemol>siii given m the subheading of 
Table III Control rows of tubes containing saline instead of S HI were mcluded with 
each complement dilution These showed complete hemolysis at the end except for the 
25 X 1(H complement dilution, which was unhemolyzcd at the first readmg and not 
entirely hemolyzed at the end This dilution is therefore not used m computmg reacting 
quantities and is included m the table both to show the limit of sensitivit> of this mode 
of titration and to indicate an uncertainty m the calculations If 0 13 7 of C 1 N did 
not alwa>s sufSce for complete hemolysis under the conditions described it is equally 
uncertam whether all of the C 1 N present in the system was taken up m complete mhibi 
tion of hemol> sis At this stage it would appear premature to attempt any correction 
for these unknown and apparently variable factors espeaally as this would involve de 
ductions at each end of the hemolysis scale which might be equal and thus cancel out 
Any lack of homogeneity in the complement combmmg component would also have to 
be considered m this connection 

In each column of Table in the first row of symbols indicates the reading after all 
control tubes except those mentioned above were ixmpletely hemolyzed The second 
row of symbols shows the reading after 10 minutes addibonal standing at room tempera 
ture, after which there was no appreciable change The first readings appear to give 
more sensitive indications of zone effects than the final ones and are mcluded for possible 
future reference 

It IS evident from Table in, subject to the uncertainties previously men 
tioned, that as little as 0 12 7 of anticarbohydrate N in antipneuraococcus 
Type in rabbit serum may take up as much as 0 2 7 of complement N, 
or complement combining component (C'l) N in the reaction of 0 1 7 of 
S ni with the antibody Similarly 0 2 7 of anticarbohydrate N and 0 1 7 
of S m take up 0 3 7 of C'l N m combining At these high dilutions the 
solutions remam crystal clear until the hemolytic system is added With 
the above proportions of S m and antibody the sensitivity of the test for 
complete fixation of complement decreases to 0 2 7 of antibody N if the 
hemolysm m the hemolytic system is reduced from 0 05 7 to 0 015 7 of N 
This difference m sensitivity vanishes when only 0 01 7 of S HI is used as 
antigen possibly because the S HI antibody proportions are then more 
nearly equivalent at this end of the reaction range (10) The limit of sen 
sitivity as regards antibody N remains the same, however, as at the higher 
level of S HI concentration It is also to be noted that 0 01 7 of S HI does 
not suffice for the complete fixation of as much as 0 5 7 of C'l N between 
the hmits of antibody concentration used, while a definite zone of complete 
fixation occurs with 0 3 7 of C'l N extending over a 10 to 15 fold range of 
antibody concentration In the senes m which 0 1 7 of S HI ^as used 
however, 0 5 7 of C'l N was readily taken up at antibody N levels of 0 4 7 
and above 

In Table IV are gn en similar data for Ea and anti Ea rabbit serum This 
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portion of the expenment was earned out m the same Ma> as the preceding 
part First readings, as recorded in Table III, are omitted since there 
was little difference except in column 2 of the table A series of titrations 
was also carried out with 0 01 7 of Ea N, but only traces of complement 
were taken up This is m accord wnth the far loner antibody N Ea ratios 
nhich obtain in the Ea-anti-Ea precipitin reaction (11) than the ratios 
characteristic of the S Ill-anti-S HI reaction (10) iSrevcrtheless, in the 
Ea-anti-Ea reaction, a typical antigcn-antibod> system, the smallest amount 
of antibody N detectable mth certainty was 0 12 7, as in the S-anti-S 
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system, and again the antigen-antibody complex was found capable of 
taking up at least an equal weight of complement N 

Additional Data on Complement Fixation — In a number of earlier experi- 
ments the quantity of complement Mas held constant at 0 25 ml of a 1 10 
dilution, or approxunately 1 3 7 of C'l N, while 3 to 10 minimal hemolytic 
doses of hemohsin were used Under these conditions the maximum sen- 
sitmty for anti-S I was reached at 1 8 7 of antibody N with 0 25 7 of S I, 
but if as little as 0 025 or 0 016 7 of S I was used the minimum amount of 
antibodv N which completely fixed 1 3 7 of C'l X was 3 7 Later experi- 
ments wnth 0 5 7 of C'l X and 0 1 7 of S I shov ed a lower limit of 0 2, 0 4, 
and 0 4 7 of antibody X wnth three different antisera, v hile v ith 0 01 7 
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of S I the values were 0 12 or less, 0 8 , and 0 8 7 tVith S n and an anti 
pneumococcus Type n rabbit serum the lowest lumts of complete fixation 
of approximately 0 5 7 of C'l N were 1 5, 0 S, and 0 3 7 of antibody N with 
1, 0 1, and 0 01 7 of S U respectively Repetition of the experiment with 
another serum gave 1 1,0 3, and 0 3 7 of antibody N 

A sample of punfied Type I pneumococcus rabbit anticarbohydrate, 
193B, was prepared by dissoaation with barium hydroxide (12) after pre- 
vious extracbon of a portion of the washed preapitate with IS per cent salt 
solution The solution contained 0 44 mg of N per ml , of which 0 4 mg 
was antibody N A dilution contammg 10 7 of antibody N fixed 1 3 7 of 
C'l N completely with 2 5 7 of S I as antigen The lower lumt of sensi 
bvity for anbhody was not reached, as smaller amounts of S I were not 
tested With the same anhbody solubon, 20 7 of antibody N fixed 13 7 
of complement N completely with S I quantities rangmg from 20 7 down to 
0 03 7 Similar proportions and limits were found m the S III anti S HI 
system, m which 15 7 of antibody N (diluted antiserum) fixed 1 3 7 of 
C'l N with quantities of S III rangmg from 25 7 down to 0 025 7 As 
nearly as can be deduced from their studies with larger "umts,” Goodner 
and Horsfall (13) found combmmg proportions of sunilar range and order 
of magnitude with S I and antipneumococcus Type I rabbit serum of known 
anbbody content 

With the correspondmg homologous type specific polysaccharides two 
antipneumococcus Type in rabbit sera and one of two Type VHI 
sera gave fixation of 1 3 7 of C'l N m and below the zone of visible preapita 
tion, but cross reacbons between S III and anti S VIU or S VHI and anb S 
in could not be demonstrated either by precipitation or by complement 
fixation On the other hand S H precipitated and fixed complement with 
rabbit antiserum to Fnedlander’s bacillus Type B over a narrower range 
than the Fnedlander B polysacchande, but the latter substance failed to 
precipitate or fix complement with the rabbit anti Pn H serum used although 
this contamed 1 74 mg of anti S H per ml ((^ , also 14) 

Highly punfied bovme antipneumococcus Types I and H antibody solu 
tions ( 12 ) also showed relabons between antigen, anbbody, and complement 
similar to those exhibited by antibody formed m the rabbit With 0 04 7 
of S I, bovme anb S I fixed 1 3 7 of C'l N down to 3 6 7 of anbbody N, 
whUe bovme anb S H showed a sunilar lower limit with 0 02 7 of S H 
This result mdicates that the high molecular weight of horse anbpneumo- 
coccus antibodies (5, 6 ) is not responsible for the fadure of these antibodies 
to fix complement, smce the bovme antipneumococcus anbbody has the 
same high molecular weight ( 6 ) 



702 


QU^VN-riTATn-E CHEMICAL STUDIES ON COilPLEMENT H 


DISCUSSION 

It ^^as shown m the preceding paper that the combining component of 
guinea pig complement could be measured in weight units and that more 
than 40 per cent of complement, by weight, could be added to antigen-anti- 
bod}' precipitates wuth maintenance of volumes of the reacting components 
at le\ els convenient for precise analj'tical measurement How ever, it w as 
scarcel 3 ’^ feasible to use larger and larger volumes of guinea pig serum in 
order to determine the maximum amount of complement capable of reaction 
with known quantities of antigen and antibod}" Instead, the usual tech- 
nique of the complement fixation test, with its great delicacy and repro- 
ducibility under strictly controlled conditions, appeared capable of affording 
the necessary information, and could, bj’’ virtue of this very delicacj', be used 
to determine at the same time the lower limits of reactivit}' and the com- 
bming proportions of the reacting components By the use of antigen and 
antibody’’ solutions of knowm content and with the aid of the values for com- 
plement obtained m the preceding paper the actual quantities of antigen, 
antibodj', and complement could be calculated m w'cight units for each sig- 
nificant dilution and muxture In several experiments the number of red 
cells in the hemolytic system was counted and the amount of hemolysin 
estimated ‘ 

Since the hemolysis of sensitized red cells by complement depends upon 
other factors in guinea pig serum as well as the combining component of 
complement (2, 3, 4, 15) it is impossible to define the mechanism of hemoly- 
sis solely on the basis of the number of red cells and the actual quantities 
of hemotysin and complement combining component The cell count is 
easilj made, however, and the other two variables may now be estimated 
wnth a fair degree of certaintj’^ Their interrelationships, under the con- 
ditions used, are set forth in Table I Additional data on the relative 
amounts of hemolysin and complement combining component required as 
the test of complete hemolj^sis approaches its limit of delicacy, will be found 
in the first portion of Experiment 10 It is evident that at extreme dilu- 
tions the actual amounts of hemol 3 ''sm and complement combining com- 
ponent approach equality, but that as the test is ordinarily carried out far 
more combining component than hemol 3 '-sin is present The latter may be 
considered as actuall 3 combined with the red cells m the ex-penments sum- 
marized in Table I as onh-^ twice the minimum sensitizing quantity was used, 
but It seems probable that, except at the highest dilutions of guinea pig 
serum shown in Table H, complement v as present m e \cess Possibly only 
an amount equal to the hemol 3 sm, or a small multiple of this amount, 
entered into actual combination with the sensitized cells (e/ 16) For this 
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reason, if any portion of the complement functions enzymatically in hemoly 
SIS, It IS probably not the combming component, for at least as much of this 
protem as hemolysm must be present This does not resemble catalysis 
Moreover, the combming component of complement actually unites in stable 
union with sensitized red cells, as with other antigen antibody systems (17) • 

The available data regarding the antibody molecule (6, 7) are such that 
an uncertamty remams regardmg its shape The expenmental value for 
the frictional coefSaent or asymmetry factor, however, permits the calcula 
tion of molecular areas on the assumption of either oblate or prolate 
spheroidal shape The area occupied by such molecules on the red cell 
surface would depend upon their attachment m either the endwise or lateral 
position In Table 1 4 calculations of the occupied surface are therefore 
given for each position of the oblate or prolate spheroidal molecule Inter 
mediate positions are also conceivable Dependmg, then, on which cal 
culation IS used, the eiqienmental data mdicate that roughly from 0 8 to 
28 per cent of the sheep cell surface is occupied by hemolysin under the 
conditions employed Smce two “umts” of hemolysin were actually used, 
complete hemolysis is possible with 0 4 to 14 per cent of the cell surface com 
bmed with antibody While these figures are not to be taken too hterally 
they do at least mdicate by roughly a power of ten that sensitization need 
not involve a coatmg of the entire red cell surface The findmgs are there 
fore m accord with the “key spot” theory of Abramson (18) 

Brunius (19) has calculated the number of the Torssman antibody mole 
cules required to sensitize a smgle red cell for hemolysis, finding the number 
as only 30 and the fraction of red cell surface covered as 0 OOl per cent 
The area calculations were made on a different basis, but the number of 
molecules of hemolysm was calculated from a single preparation which 
showed about ten times the activity per y of N as four other lots isolated 
by Brumus, the best preparation of Locke and Hirsch (20), and our own 
sera, judged by them antibody content When it is considered that the 
3000 molecules of hemolysm mdicated m Table I represent double the num 
her necessary for complete hemolysis, and that Brumus used 90 per cent 
hemolysis as the end point, the agreement among the less active prepara 
tions is moderately close However, sheep red cell stromata may contam 
a number of antigens While the antibodies resultmg from the mjection 
of these antigens mto rabbits are capable of combimng with stromata' 
It does not follow that all of the antibodies actually prepare the cell for 
hemolysis The one result used by Bnmius for his calculations may there 

‘ C'l N IS taken up by sheep cell stromata m their reaction with hemolysm (unpuh- 
bshed experiment) 
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fore be the more significant for the process of hemclj-sis itself, ^^hllc the 
larger number of molecules found m the present experiments represents 
combination beti^een the red cell and total antibody under the conditions 
of the hemolytic test as actually earned out with rabbit hemolj sin 
Although the present expenments have only limited application in the 
study of immune hemolysis they afford a much more complete picture of 
the fixation of complement in certain immune reactions With the use of 
50 7 as the average complement combining component nitrogen content of 
guinea pig serum ( 1 ) it is possible to interpret complement fixation tests 
earned out on a number of sera of known antibody content (for example, 
Experraient 10) From the limiting dilutions of complement, antigen, and 
antibody at which the quantity of complement used m each instance w'as 
completely taken up it would seem evident that at least as much comple- 
ment nitrogen as antibody nitrogen may enter into the reaction Experi- 
ments over a wide range with S I and anti-S I also showed that quantities 
of complement larger than at the limiting dilution could be fully taken up 
only m the presence of larger amounts of antibody, and that the antigen 
could be varied relatively independently above a minimum value It is 
also clear that the final colloidal state of the system failed to influence the 
proportions m which complement combined, since the quantities of com- 
plement N added to antigen-antibody mixtures yielding specific precipitates 
with 0 4 to 0 6 mg of N were of the same relative magnitude as in the clear 
solutions containmg only fractions of a 7 of reactants A chemical, rather 
than physical, explanation for the fixation of complement is therefore in- 
dicated and Ehrlich’s concept of complement activity is confirmed m this 
respect both qualitatively and quantitatively 
At the time Ehrheh’s theories were proposed the nature of antigens and 
antibodies was uncertam and methods of measurement were purely relative 
After the introduction of quantitative, absolute methods (21) a large body 
of precise information regarding immune reactions was assembled, and with 
the recognition of the protein nature of antibodies it became possible to 
formulate chemical theones of antigen-antibody reactions which were in 
accord with modem concepts of the structures of the reacting substances 
(21, 22) Now that the combimng component of complement has been 
added to the hst of immune substances measurable in weight units it is 
possible to put these theones to the severe test of their adaptability to the 
mclusion of complement, hitherto neglected for the sake of simpliaty 
It was showm bj the work of this laboratory that the precipitin (23) 
and agglutinin (24) reactions might be quantitatix'elj expressed by equations 
derixed from the mass law Chief among the assumptions made was that 
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both antigen and antibody were multivalent with respect to each other, 
that IS, that each possessed two or more groupings reactive with the other 
After the molecular weights of antibodies became known (5, 6) it was pos- 
sible to assign empirical formulas to specific precipitates formed at certam 
reference pomts in the precipitin reaction range (25) Now that both the 
molecular weight* and the reacting quantities of the combming component 
of complement are known it is possible to fit this component into the above 
quantitative theory n ith little difficulty 
In a number of papers (23, 11, 21 5, and others) two dimensional repre- 
sentations of three-dimensional aggregates formed by the union of multi- 
valent antigen with multivalent antibody were depicted somewhat as 
follows 

A A A A 
A S A S A 
A A A A 
S 

111 

in which S represents specific polysaccharide or antigen and A represents 
antibody, or the compounds Ea»A< +i and (EaAj) m the antibody excess 
and equivalence zones respectively (21 b) 


AAA A A 
A £a A EH A Ea . 
A A. a'^A^A 
[21 


Ea A Ea A Ea A 
AAA 

131 


In the last two formulas the valence of Ea is taken as 6 and that of A limited 
to 2 for simphcity A somewhat similar scheme has been suggested by 
Marrack (22) and more recently an analogous one by Pauling (26), m which 
the valence of antibody was limited to two 
The assumption is now made that the combimng component of comple- 
ment, whether it possesses a smgle reactive groupmg, or w hether hke antigen 
and antibody it carries two or more rcacti\e groupmgs, is capable only of 
loose, easily dissociable combination with dissolved antibody This is in 
accord with numerous observations that complement is not fixed b> antigen 
or antibody alone (2, 3) How then, is it possible to account for the firm 
fixation of amounts of complement equimolecular* with those of antibody 
by antigen antibody combinations whether or not these actually separate 
from solution? 


Pnvate communication from Professor E E Ecker and Dr L Pillemer (cj Table I a) 
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It mtII be recalled that m the de\cIopment of the quantitatue theory of 
the precipitin reaction (21, 23) it Mas assumed that multivalent antigen 
combined Mith multivalent antibod}-^ in a series of competing bimolecular 
reactions to build up large aggregates like those illustrated, and that the 
process might be mcU advanced before the aggregates separated from solu- 
tion At high dilutions, particularly Mnth rabbit antisera, Mhicli form 
specific precipitates of appreciable solubilit}’- (10, 11), the aggregates 
Mould not necessarily separate Whether or not precipitation occurs, the 
formation of such multimolecular aggregates m ould bring together and hold 
myriads of antibody molecules But by this act any molecules of comple- 
ment combining components (C'l) present Mould be surrounded by anti- 
body molecules In this May a linkage betMcen C'l and A, ordinarily dis- 
sociated at once M'hen taking place between single molecules, might become 
stabilized when occurring betMeen C'l and «A Stabilization might result 
either through the attraction of approaching ionized groupings of opposite 
sign, through hydrogen bonding, through spatial accommodation of large 
groupings on C'l and A, or through the presence, on C'l, as on antigen and 
antibody, of more than one grouping capable of reacting Mith A molecules 
brought into apposition The result might then be represented in the two- 
dimensional schemes, la,2a, and 3 a, corresponding to 1, 2, and 3 above 
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An analogous instance of loose, dissociable combination, capable of 
comersion into firm union by addition to multivalent antigen-antibody 
aggregates, is found m the apparently “umvalent” antibody knonn to 
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occur in many immune sera (11, 23, 27, and other papers) This residual 
antibody, remaining after fractional absorption of many sera with antigen, 
forms only easily dissociated, soluble compounds with antigen However, 
when multivalent, or complete, antibody is present, the “univalent” or 
residual antibody may add to the resulting antigen antibody aggregates 
m firm, relatively undissoaated union and be precipitated just as is the 
multivalent antibody 

In the above discussion and m the graphic representations complement 
has been considered, for simplicity’s sake, solely m terms of its relation to 
antibody This suffices to explain its behavior provided the quantity of 
C'l combined does not exceed that of A However, the data indicate that 
a somewhat larger proportion of C'l may be added when relatively more 
complement is present It is therefore probable that, at least under such 
conditions, antigen molecules maj participate m bindmg C'l firmly in the 
antigen antibody aggregate, and it is not excluded that antigen plays some 
part under all circumstances It is known, however, (25) that throughout 
practically the entire range of the precipitin reaction more antibody mole 
cules than antigen molecules are present, the proportion ranging from two- 
to three fold m the equivalence zone to 6 tunes or greater m the region of 
large antibody excess It would therefore seem reasonable to ascribe to the 
network of antibody molecules the major burden in the firm hnkage of 
complement to antigen antibody aggregates, the more so as the complement 
uptake is influenced to a far greater extent by the quantity of antibody 
present than by the amount of antigen 

Other evidence in accord with the conception of complement fixation as a 
consequence of aggregate formation by combmation of multivalent antigen 
with multivalent antibody is furnished by the behavior of the pneumococcus 
Type in and Type Vin polysaccharide rabbit antisera reactions, and of the 
Type n and Fnedlknder Type B polysaccharide reactions in rabbit anti 
sera In each homologous reaction with the appropriate specific polysac- 
chande complement was fixed over a wide range (see page 701), extending 
m the Type II and Type VllI sera to high dilutions at which visible pre 
cipitation no longer occurred However, no visible cross preapitation 
occurred, even at relatively low dilutions, between S III and anti Type 
Vili sera, or between S \TII and anti Type HI sera, nor was complement 
fixed m these cross tests On the other hand S II gave specific precipitation 
and complement fixation with a Tnedlander B antiserum, but the Fncd 
Ihnder B polysaccharide neither precipitated nor fixed complement with 
Type H antipncumococcus rabbit scrum At least in these instances the 
possibility of multnalcnt antigen antibody aggregate formation seems to 
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be a prerequisite for complement fixation even at high dilutions at Mhicli 
the aggregates fail to separate 

It IS, however, is ell known that complement is not fixed by all antigen- 
antibody reactions which may be expressed in terms of aggregate formation 
by union of multivalent antigen wnth multivalent antibody Although some 
antigen-horse antibody systems fix complement, pneumococcus specific 
polysaccharides react wnth pneumococcus anticarbohydratc from the horse 
and wnth rabbit anticarbohydrate damaged by acid (28) to form aggregates 
which do not bind complement The same polysaccharides react with 
unaltered rabbit and bovine anticarbohydrate w ith fixation of large amounts 
of C'l Since almost all antigen-rabbit antibody systems fix C'l it would 
seem possible that rabbit antibody best fulfills the stcric requirements for 
the firm union of C'l within the molecular network of the antigen-antibody 
aggregates This cannot be entirely due to the cquimolecular size of C'l 
and rabbit antibody, since bonne A, which also permits complement fixa- 
tion, IS known to have a much greater size Possibly accompanying serum 
lipids play a part, as postulated by Goodner and Horsfall (13) 

According to these views, then, complement combining components 
would differ from normal globulin in the possession of one or more groupings 
capable of forming loose dissociable unions with mdindual antibody (and 
perhaps antigen) molecules, but yielding firm, difficulty dissociable combina- 
tions, wnth the exceptions noted, when surrounded by antibody (and perhaps 
antigen) molecules In this way the failure of C'l to be taken up appreci- 
ably by antigen or antibody alone is readily accounted for, also the fixation 
of C'l in qualitatively and quantitatively similar fashion by all but a rela- 
tivelj' limited number of antigen-antibody combinations It is even con- 
ceivable that C'l would unite with equal firmness wnth normal globulin 
were there a means of bnnging a sufficient number of such molecules into 
suitable apposition and holding them there 

The phenomenon of complement fixation may thus be fitted into the 
framework of the quantitative precipitin (and agglutinin) theory with 
httle stretching of postulates which had already shown themselves of some 
utihty WTiile this affords no proof of the theory it at least justifies its 
use as a guide for further experiments in a field which the more conventional 
and alternative theories have failed to clanfy 

SUiniARY 

1 The molecular quantities of hemolysin and complement combining 
component or components (C'l) invohed in hemolysis have been calculated 
on the basis of new, quantitative, absolute methods of analysis 
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2 Molecular combining ratios between antigen, antibody, and C'l have 
been established 

3 The data are shown to be m accord with the theory of combination 
of multivalent antigen ^ith multivalent antibody 

4 The fixation of complement by antigen antibody combmation is quali 
tatively and quantitatively accounted for on this basis 
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INHERITANCE m GUINEA PIGS OF THE SUSCEPTIBILITY TO 
SKIN SENSITIZATION WITH SIMPLE 
CHEMICAL COMPOUNDS 

Bv MERRILL W CHASE Pn D 

{From the Laboratoi^s of The Rockefeller Institute for Medical Research) 
(Received for publication March 18, 1941) 

In studies on skin hypersensitivity induced by simple substances, it has 
frequently been noticed by vanous workers that an identical treatment 
would lead to different degrees of sensitiveness within groups of guinea pigs 
even when kept under uniform conditions of diet and housmg {cf 1, 2), 
similar observations have been made in expcnmental sensitization of human 
bemgs with simple chemical compounds, for instance by Sulzberger and 
coworkers (3, 4, cf 5, 6) The question arose whether the variations 
observed m the ammals bespeak hereditary properties, as one might well 
surmise, apart from other factors, but thus far there has been no definite 
proof For the investigation of this matter we bred guinea pigs chosen for 
high (and low) susceptibility to experimental sensitization and studied 
susceptibihty in the progeny, earlier results ^\cre reported briefly (7) The 
substance selected for sensitization was 2 4 dimtrochlorobenzene, ^hich 
had proved to be a very suitable compound for expenments on drug allergy 
of the contact dermatitis type (1, 8) The expenments vere devised to 
exclude the influence of feeding and seasonal factors {cf 9, 10), which are 
therefore outside of the scope of this paper 

A particular influence of hereditary constitution is well known in certain 
forms of human allerg) (hay fever, asthma)' (Cooke and Vander Veer (12), 
Coca and Cooke (13), Spam and Cooke (14)) Apparently this has not so 
far been induced expenmentally m human beings m contradistinction 
to drug allergy in which with certain incitants sensitization is successful 
in almost every case (3, 15, cf 16) 

Various investigations have been conducted with laboratory animals which demon 
Btrate inheritance of such qualities as the capaaty to produce antibodies a predisposition 
to anaph> lactic effects and resistance to infection Inbred famihes of guinea pigs were 
studied by Lewis ct al and found to differ as regards ability to engender antibodies (17) 
and in resistance to tuberculous infection (18) Furthermore Lune (19 20) has found 

' A genetic analj'sis is offered m a paper by Wiener et al (11) 
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in inbred strains of rabbits marbcd differences towards infection bi tubcrde bacilli, and 
he was able to demonstrate sc\eral somatic characteristics associated with resistance or 
susceptibilitj’’ Well knoam are the extensive studies by Webster (21, 22), ahich have 
resulted in the establishment of strains of mice of high and low susceptibilities to bac- 
tenal infections, and to certain \nruscs 

An interesting report dealing with indi\ndual differences among guinea pigs in the 
amount of diphtheria toxin necessary for antitoxic immunization has been presented by 
Pngge (23) w hile the ratio of immunizing dose betw een the extremes among guinea pigs 
purchased for the Frankfort Institute had the surpnsingly high value of 1 32,000, the 
mdmdual diflferences with inbred strains, on the other hand, were less pronounced, 
being only 1 23 for one of these 


EXPERIMENTAL 

Sekclion of Parents — Male and female albino guinea pigs were sensitized and tested 
with 2 4 dmitrochlorobcnzene- as described below, in order to obtain high and low 
reactors w ith which to set up breeding colonies for study of the inheritance of the suscepti- 
bility to sensitization m the progeny The animals for starting both the colonies ongi- 
nated chiefly from two sources, one being the breedmg room at the Institute, with a few 
added later from a third stock There were several complicating factors in the choice of 
initial breeders A selection among low reactor animals is limited because of the scarcity 
m common stocks of albino guinea pigs refractory to sensitization with dinitrochloro- 
benzene, a potent sensitizer (24), this is discussed further on Then female guinea pigs 
exhibit in general a lower level of reactivit\ than males, making uncertain the estimation 
of female reactors of the lowest grade Finally, a rather long sensitization procedure 
may succeed in disguising mediocnty bv raising the sensitivity to an apparently ac- 
ceptable level Largely for these reasons it was found necessary , m addition to selecting 
the individuals on the basis of their own attained sensitization, to retain them in the 
breeding colony onh after a tnal mating and determmation of the sensitization level of 
the offspring Examples arc given in Fig 1 (The offspnng of unsuitable breeders were 
likewise excluded ) This procedure once established, it proved feasible to erect colonics 
in which reactivities of the offspnng were usually^ predictable (see Figs 2 to 4) 

To start the high reactor colony, 3 males (selected from 25 sensitized guinea pigs) 
and 6 females (chosen from 20) were emplovcd, on the basis of the progeny test one male 
and one female were accepted The data for this selection arc shown in part in Fig 1, 
A, B,C Among the six litters rcsultmg when 3 females (Nos 481, 5, 8) were mated in 
turn with the same 2 males (Nos 343 and 34), there was considerable variability as 
regards capaa tv for sensitization, ranging all the way from resistant to highly susceptible 
litters The choice of Nos 34 and 8 (Fig 1, Q as initial breeders appeared expedient 
Their 3 sons (the mother being no longer available) v ere bred v ith a nev selection of 
females (8 picked from 63 sensitized individuals of which 5 v ere retained after an initial 
tnal mating, and 2, themselves high reactors, transferred from the lov reactor colony) 
Bv this means and through suitable matings involving 19 females and 21 males produced 
in the colonv (in part bad crosses of offspnng to parent and brother sister inbreeding). 


-Some animals used in the first matings had been sensitized v ith 2 4 6 tnnitro- 
chlorobeizene (picrvl chlonde) instead 
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there were secured and tested 112 descendants representing 4 generations after which 
pen inbreeding using tested males was introduced Some of the matings with less 
closely related males were made during the several months necessary for the matunng 
and testing of particular litters 

For the low reactor colony similar methods were followed {cf Fig 1, D and £) but 
consideration was given to the result of the longer course of injections in the progenj as 



Fig 1 Typical selection for breeding stock among sensitiaed animals by means of 
progen> test. Of the parents, those marked with an asterisk were sensitized with picryl 
chloride instead of initrochlorobenzenc All offspring were tested with the latter 
substance 

The degree of skm reactivity is indicated by the extent of shading desenbed on pages 
7 14--7 1 5, circles and squares designate females and males respectively The show 

the level of sensitivity after the brief course of treatment (except that 2C sigmfies test 
after 14 injections), the sensiUvit> levels after the second course when determined, is 
indicated by Roman numerals 

Experiences with high reacting animals are given A B and C, while trial matings 
among the low reactors arc shown in D and E 
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well, exemplified b\ the choice of Nos 483 and 28 (Hg 1, D) and the rejection of Xos 
345 o’, 68 9, and 70 9 5 males (picked from 52) and 18 females (chosen from 83) 

■Rcrc introduced, 3 of the males and 10 of the females were kept after tnal tio the progcn^ 
test From these there ha\e been 110 descendants, representing 4 famil> genentions, 
produced bj the initial matings and bj the breeding of 17 female and 10 male offspring 
Maintenance of the Colonics — The animals were kept uniformb on a “dr^ fhet,” 
receiving haj , oats, and liberal amounts of chopped cabbage daiK Not more than 4 
sows were housed with one buck, the females were removed to individual cages in the 
2nd month of pregnanev, and ofispnng were segregated bj sexes at an age of about 4 
weeks The guinea pigs remained m good health, without intercurrent infections’ 
Incidcntallv animals in the colonj , skin-tested with Aloen’s antigen to detect carriers of 
streptococci causing epizootic Iv mphadcnitis (25), were found not to react 

Sensitization Procedures — Testing of the progenj was commenced when the animals 
weighed between 340 and 400 gm , at the most 500 gra , the females were not mated 
before the final test results were obtained Adequate numbers of male and female oft- 
spnng from both the high and low reactor colonics were assembled for each sensitizing 
course, thus ensuring comparative testing, and cancelling possible seasonal or other 
vmnations due to external influences on the selection of animals for breeding 

For sensitizing, injections of 1/400 mg dmitrochlorobenzcne in 0 1 cc saline were 
made into the skin of the back, solutions of the proper concentration were prepared 
freshly each time b> diluting in saline an alcoholic 0 3 per cent solution of the rccry stal- 
lized commercial preparation It was soon learned that fewer injections of the incitant 
were necessary to sensitize animals of the "high reactor” class All progeny therefore 
were first giv en 4 injections, twice weekly for 2 weeks, and were tested 2 or 3 weeks after 
the last injection this first, brief course assisted the estabhshment of the “good” colony 
by indicating the superior reactors Next the animals rcceiv’ed a further course of 10 
daily injections, and were tested again 3 weeks after the final injection This longer 
treatment served pnnapally to detect animals of intermediate capacity for sensitization 
and to exclude them from the low reactor colony f at times the reactivity was found to 
hav c declined somew hat follow ing the longer treatment (7 out of 66 animals in the suscep 
tible colonv, 13 out of 88 m the resistant colony) 

For testing the sensitmtv , 1 drop of a 1 per cent solution of 2 4 dmitrochlorobenzcne 
in ohve oil was spread on the bellv, after clipping the hair, over an area of 8 to 10 sq 
cm , fresh sites were used for each test and normal animals were included as controls 
The reactions were examined on the next day , following use of a depilatory 2 or 3 hours 
before All males in an experiment, and likewise the females separately, were put 
together and then sorted out comparatively into four pnmary classes of reactors (negative 
up to high reactors) and the ratings were recorded without knowledge of their ongins 
The intensitv of the reactions and the assigned grades were as follows pink, commonlv 
slightlv elevated (1), pale pink (II), faint pink (III), negative or at most a minimal re- 
action (II") Intcrgrades, as I/II, also were dcfinitclv recognizable The symbols in 
Figs 1 to 4 indicate the gradings by the relative amount of shading, I being shown as 


’ An exception v as the loss of 261 o’, 262 9 , m the more resistant colony 
^Likewise Webster (21, 22) onginallv used different do'Ca of livang bacteria in the 
establishment of his susceptible and resistant mice 
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entirely black IV as white II/IH as half black and so on A special symbol (see 
Figs 2 4) IS assigned to unusually supenor reactors which may be known as I namely 
those showing bnght pink, often somei\hat svioUen test sites Readings after the first 
and second courses are mdicated by an arrow eg II — » I 

Since information was desired about the responses of the guinea pigs in the colonies 
to a second tjTpe of matant some of the lots following the termmal dmitrochlorobenrene 
testing were sensitized to poison ivy (26, 27 28) using poison ivy extract (Lederle) “ 

a 13 per cent solution m acetone of extractives from Rluts loxtcodeiidrm radtcans To 
effect sensitization, 1 drop of a 1 5 dilution m alcohol was allowed to fall on the lumbar 
region of the back and was spread with a glass rod over an area about IS mm m di 
ameter On the 4th day the ivy was removed b> cotton pledgets soaked m acetone 
The test for cutaneous sensitivit> , described m detail elsewhere (28) was made between 
the 10th and 14th daj s single drops of dilutions in alcohol being applied to vanous areas 
of the skin The reactions were recorded at 24 and 48 hours, and ratmgs assigned ac 
cordmg to the lowest effective dilution and the intensitj of the reactions (These 
methods were used also m some breeding expenraents undertaken with respect to 
susceptibihty towards ivy sensitization ) 

As regards the selection for high reacting animals, the responses of the 
progeny to sensitization with dinitrochlorobenzene arc presented in Fig 2* 
and are set forth summanly in Table I The symbols indicate the skin 
reactivities developed by the ^‘bnef” course of 4 injections, with only 0 01 
mg in all of the matant It may be remarked at the outset that skin tests 
on some of the young made within 10 days after birth or when 2 to 3 months 
old ^ere negative, proving that we were not here dealing with direct acquisi 
tion of hypersensitivity^ from the sensitized mothers, furthermore, the onset 
of skin sensitivity to the successive injections has not been different in these 
animals from that observed with bought guinea pigs Of the males bom 
in the colony, 68 per cent became reactors of grade I following the bnef 
course, and by further treatment with the incitant the proportion of animals 
m grade I was mcrcased to some extent, c g from 66 6 to 78 per cent m the 
36 so treated (Table I) 

* This was supphed through the courtesy of Dr Arthur F Coca 

® For graphical reasons there have been omitted from Fig 2 the foUowmg crosses 
387 o' X 378 9 giving a daughter (II — » I), the latter X father 387 giving one I + son, 
and one son and one daughter of grade I — * I + 681 cT X 197 9 produang 556 (I) 

and a daughter of grade 11 and 556 o’ X mother 197 giving a daughter of grade in -» 
n 387 o' X 197 9 produang a daughter (I/II I) There were two instances of 
fertilization due to error in the case of 94 9 impregnation was known to have occurred 
in a cage containing 3 males all of grade I 

’ This IS also evidenced b\ the general correlation between the degrees of h>T>er 
sensitivity induced b> dinitrochlorobenzene and poison ivj extract discussed further 
on which was seen m animals whose ancestors had not been treated with ivj extract 
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In detail, among these the retest after the second course gave the following result 
with 13 there was no change in classification, slight changes, as 1/11 I, occurred with 
14, there was a substantial increase in the grading of 6, and with 3 the earl> high scnsi- 
tmtv (I) had declined to n, U, and III rcspectivcl> 

Of the 45 females, 42 2 per cent tvere of grade I after the short treatment, 
and following another 10 injections in 30 of the animals there was a pro- 

TABLE I 


Sensilitily Responses oj Progeny in the SttscepUble and the l/ro Reactor (ifore Resistant) CohnsCj 


Grade of 
response 

Susceptible colony 

Low reactor colony 

Amin&ls gi\eo both 
courses 

Brief 

course only 

Long 

coarse only 

Animals given both 
courses 

Brief 

course only 

Long 

course onI> 

Bnef 

course 

Long 

course 

Brief 

course 

Long 

course 


Males 

1+ 

5 

7 




■n 



I 

19 

21 


1 

2 




i/n 

3 

5 



1 




n 

3 

2 



2 



1 

n/m 

4 




4 


3 


in 

2 

1 

1 


9 

6 


1 

ni/iv 





7 

2 



IV 



2 


16 

7 

7 



Females 

1+ 

1 

8 

4 






1 

10 

14 

4 


1 




im 


2 

2 


2 

1 



II 


2 

2 


2 

8 



n/m 


2 

1 


5 

4 

2 


m 



1 


9 

8 

3 


in/iv 



1 


9 

4 

1 

2 

IV 

3 

2 



19 

11 

1 

1 


nounced general nse in sensitivity, the proportion in grade I increasing 
from 36 6 to 73 3 per cent, and in effect obliterating the sex difference 

Due to hmitcd options, probabl> connected with the lower susceptibilitj of females. 
It proved necessary to use as breeders a number of females which were not especially 
supenor after the bnef course while 18 out of the 21 bucks v\erc early grade I reactors, 
this was true of onlv 14 out of 27 females It maj be supposed, and inspection of the 
apphcable data would suggest, that an adequate choice among females v^ould have im- 
proved the status of the colon> For this purpose, the mothers and their offspring are 
assigned to three classes m the appended tabulation on the basis of response to the bnef 
sensitization course, uniformitj among the fathers as regards earlj high sensitization 
appearing to permit an approximation of this sort 
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Euly rating of loirs 

No of BOWS 

Gusificatloa of oSiptio; following bnef coone 

I 1 

I/n 

Hand below 

I 

12 ’ 

25(91+) 1 

2 

7 

i/n 

6 

17 (2 1+) 

3 

11 

n and below 

8 

15 (2 1+) 

2 

12 


It appears that nearly three fourths (73 S per cent) of the offspring of grade I mothers are 
themselves of grade I, as compared with about 55 and 52 per cent of the offspring of 
mothers of the two lower categones respectively And likewise suggestive perhaps, 
IS the proportion of animals exhibiting unusually brilhant reactions (designated as I +) 
bom to the females of early high vcrstts those of intermediate reactivity 

The genetic evidence of Fig 2, by itself, suggests forcefully the segrega 
tion of factors mfluenang susceptibility to sensitization Apart from the 
ammals in class I, there is a vanety of lesser grades, a common type bemg 
n/m — ^ I or I/n FamUial tendencies in respect to this ^delayed” 
sensitization are probably shown by 393 9 (IV I), its sister 392 (m/IV 
— > I) and 2 daughters of the latter by different males, 681 cf and 253 cf , 
the ratings m question being U/IU I and HI — > I + respectively, and 
in the extreme case by 304 9 (IV — > 1+) and its three offspring by the 
grade I reactor 44 cf (see page 722) 2 ammals given the full 14 mjec- 

tions responded shghtly or not at all (268 9 , HI -*• IV, 370 9 , IV -> IV) 

The following instances may be cited m which an inhomogeneous condition m the 
parents was not revealed fully at least by their phenotype testing but by segregation m 
the progeny The mating of son and daughter from the backcross of 387 c? with the 
latter s mother these 4 all being of early grade I, ga\ c 2 daughters with unlike reactions, 
one of grade I +, the other n/m Sharp contrasts among the offsprmg occurred also 
from the brother sister cross 363 X 362 {cf 360 9 bom to 681 d* X 388 9) Agam 
from the backcross of 464 9 with its father 3 offspring were raised one male a ni 
the other brother and sister each of grade I thereupon a mating of the high reactor 
brother (255) with its sister gave nse to a son of grade Il/m and 2 grade I females 
while a backcross to its mother produced 2 males and a female which were n IV, and I 
respective!} Then matings of 97 (I) with its mother 378 (II) gave 5 offspring which 
fell into several types IV — » IV ( 9) H/m — > I (cT) II— »I(2 99), I-+I (cf) A 
similar case of one offspnng conspicuously resistant to sensitization m contrast to its 
brothers and sisters is afforded by the 5 progeny from the brother sister mating 312 
(1+) X 314 (I +) 

In two famflies probably because of small numbers only grade I reactors were en 
countered (44 cf X 152 9 46 cf X daughter 380) 

Surveying the results obtained with the strain of high susceptibihty, it 
has been possible to secure a marked improvement over usual guinea pig 
stocks After the second generation, the regulanty of the response to 
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In detail, among these the retest after the second course gave the folloiving result 
•mth 13 there was no change in classification, slight changes, as I/II — * I, occurred nith 
14, there was a substantial increase m the grading of 6, and with 3 the carlj high scnsi- 
tivntv (I) had declined to IT, If, and III respectivelv 

Of the 45 females, 42 2 per cent were of grade I after the short treatment, 
and foUowmg another 10 injections m 30 of the animals there was a pro- 

TABLE I 


Senstlmt} Resporsts of Progeny tn the Susceptible and the Lenv Reactor {More Resistant) Colonic^ 


Grtdeof 

response 

Susceptible colony 

Low reuctor colony 

Amntftls P\cn both 
councs 

Brief 

course only 

Lons 

course only 

Animsls ^ven both 
courses 

Brief 

Course only 

Long 

course only 

Bncf 

course 

Lons 

course 

Brief 

course 

Long 

course 


Males 

1+ 

S 

7 




1 



I 

19 

21 




6 



i/n 

3 

5 



1 

5 



n 

3 

2 



2 

3 


1 

n/m 

4 




4 

11 

3 


ra 

2 

1 

1 


9 

6 


1 

ra/iv 





mm 

2 



w 



2 

min 

mm 

7 

7 



Females 

1+ 


S 

4 



6 



I 


14 

4 


1 

5 



i/n 


2 

2 


2 

1 



n 


2 

2 


2 

8 



n/m 


2 

1 


5 

4 

2 


m 



1 


9 

8 

3 


m/iv 

1 


1 


9 

mm 

1 

2 

IV 

3 

2 



19 

■1 

1 

1 


nounced general nse in sensitmty, the proportion in grade I increasing 
from 36 6 to 73 3 per cent, and in effect obliterating the sex difference 

Due to hrnited options, probably connected with the lower susceptibility of females, 
It proved neces'arv to use as breeders a number of females which were not especially 
superior after the brief course while IS out of the 21 bucks were early grade I reactors, 
this was true of onlj 14 out of 27 females It maj be supposed, and inspection of the 
apphcable data v ould suggest, that an adequate choice among females would hav c im- 
proved the status of the colonj For this purpose, the mothers and their ofTspnng arc 
assigned to three classes in the appended tabulation on the basis of response to the brief 
sensitization course, unifonnit> among the fathers as regards earl> high sensitization 
appearing to permit an approaamation of this sort 
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No of son 

Q*ssi£catioii of offsprlog foUowisz bnef cotirse 

1 

I/n 

' n tad belov 

I 1 

12 

25(91+) 

2 

7 

i/n 1 

1 ^ 

17(21+) 

3 

1 

n and below 

8 

1 15(21+) 

2 

1 


It appears that nearly three fourths (73 5 per cent) of the offspring of grade I mothers are 
themselves of grade I as compared with about 55 and 52 per cent of the ofltsprmg of 
mothers of the two lower categories respectively And likewise suggestive perhaps 
IS the proportion of animals exhibitmg unusually bnlhant reactions (designated as 1 +) 
bom to the females of early high versus those of mtennediate reactivity 

The genetic evidence of Fig 2, by itself, suggests forcefully the segrega 
tion of factors influencing susceptibilit> to sensitization Apart from the 
animals m dass I, there is a vanety of lesser grades, a common type bemg 
n/m — > I or I/n Famihal tendencies in respect to this “delayed” 
sensitmation are probably shown by 393 9 (XV — > I), its sister 392 (m/IV 
— » I) and 2 daughters of the latter by different males, 681 cT and 253 d', 
the ratings m question being Il/in I and HI — »• I + respectively, and 
m the extreme case by 304 9 (IV — » I-f ) and its three offspnng by the 
grade I reactor 44 d (see page 722) 2 animals given the full 14 injec- 

tions responded shghtly or not at all (268 9 , HI — »• IV, 370 9 , IV — > IV) 

The foUowmg mstanccs may be ated m which an inhomogeneous condiUon m the 
parents was not revealed fully at least by their phenotype testmg but bj segregation m 
the progeny The matmg of son and daughter from the backcross of 387 cf with the 
latter s mother these 4 all being of early grade I gave 2 daughters with unlike reactions, 
one of grade I -f , the other n/m Sharp contrasts among the offspnng occurred also 
from the brother sister cross 363 X 362 (cf 360 9 bom to 681 if X 388 9 ) Again 
from the backcross of 464 9 with its father 3 offspnng were raised, one male a m, 
the other brother and sister each of grade I thereupon a mabng of the high reactor 
brother (255) with its sister ga\e nse to a son of grade H/m and 2 grade I females 
while a backcross to its mother produced 2 males and a female which were H, IV, and I 
respective!} Then matings of 97 (I) with its mother 378 (II) gave 5 offspnng which 
fell into several types IV -+ IV ( 9) n/m — * I (cT) n-^I(2 9 9),!— *I (o’) A 
similar case of one offspnng omspicuousl} resistant to sensitization m contrast to its 
brothers and sisters is afforded b> the 5 progeny from the brother sister mating 312 
(1+) X 3U (I -V-) 

In two families probably because of small numbers only grade I reactors were cn 
countered (44 <£' X 152 9 46 cf X daughter 380) 

Surveying the results obtamed with the strain of high susceptibihty, it 
has been possible to secure a marked improvement over usual guinea pig 
stocks After the second generation, the regulant> of the response to 
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Figs 2 to 4 The lc\ els of sensitivit> arc indicated b> rclatu e extent of shad-^f ^ 
those entirel> blad (grade I, superior reactors) , in addition, the speaal devices no 
respectiii eh 

The svinbols show the degree of scnsitivit> attained by the stated procedure, C 
coursfs of injections respectiv el> In Fig 2 the grade after the second course, v 
\n identiScation number vnthout accompanj ing symbol indicates that the animj 
N = ammak introduced into the colonies, some of these (*) had been sensitized - 
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.^flges 714-715), varying from symbols without shading (grade IV, resistant animals) to 
are used to designate particularly brilliant reactors among the males and females 

>Apt that if data arc wantmg 1C and 2C siguifj the result after the first or second 
significant is given m Roman numeral subsenpts 
coni question appears elsewhere m the figure, usually in the same horizontal hue. 
t{stli*^‘^yf>'picr>l chlondc 
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‘5ENsmr\TioN vani simple aIr^'IC\L coMroiVD=; 


CTp-'nmcnt'il '^cn'Uizotion Ma'^not conMcltrabK increased In such sclcctnc 
nr’ tines as \ ere practicable, the lack of a sufficient number of hiehU sus- 
ceptible tcmalcs p'obablc contnbuting to this But it nould apjicar that 
the occurrence of animals exhibiting cspccialh brilliant reactions (1+), 
Oitcn alter onl\ the brief course of injections is increasing in frequence nith 
continued selection of parents (Table II) \mong the females of the fourth 
generation for instance, 10 out of 23 were superior reactors at some time 
dunng the scnsitir^Uon, as compared with 2 out of 12 in the third genera- 
tion Xgam, in prcliminara test« titrations b} applj ing to the skin decreas- 
ing concentrations ot the incitant ha\c indicated that, whereas animals 
irom unselcctcd stocks sensitized bj comparable procedure and picked as 
good reactors seldom reacted to a 1/25 per cent solution in oh\c oil, definite 

T\inr II 

OccuTTcrce c' Ir r-ch cj Jlsl'cci^Jh Iligh (Crjdel-\-) 

n e nurrber of I-e sninal- 1 ' ‘1 oun fir;!, follow cd b, the totil number submitted to the pucn 
«enti irntion p-ocetlurc i e , one or two courses 


1 

C'Efritiiin j 

atilo 


I-s iltt bntf ccerse 

1 I-f* b> 

I Wco.irj< 

1 I-i* alter bnet cojric j 

1+ de’ve!Q,>^'l by 

2(i course 

1 

!• 

1/S 1 

0/4 

mEMM 

1 0/4 

hi ’ 

2/20 1 

I/IS 


1/10 


8/2S 1 

3'n 


6/n 


reactions to this concentration haac been obscraed a' ith about ta'O-thirds 
of the limited numbers of high reactor progena tested 

It maa be mentioned that also ba another mode of sensitization, namclj 
rcjxiated applications to the si in of alcoholic "solutions of the incitant, 
animals produced in the high reactor colonj haac sliovn thcmselaes superior 
to other stocks 

In diarp contrast to the high reactor colona arc the results with the strain 
bad for low susceptibihta The rcactiaita after the bncf course of in- 
jections le chown in Tig 3’ and the effects seen after the second cour-c arc 
pacn separattla as Fig 4 The candent dispanta beta cen Figs 2 and 3 
IS rot extinguished taen ba the longer treatment, although the latter nearly 
al. a\ s b'ought aliout an increase m reactiaitj From the data in I able I, 
41 p>r Cent of the o’Tspnng raised in the colona lielongcd in grade IV after 
tlu sbo’-t coar-e and 3 out of 4 ill 1 per centj vere grade III and belo.’ , 

* Tt'" eaita in Ifg- 3 4 do ''o ‘o—e 1 "ts vh ch Tcre abi'’do''ed in the third 

F-re-nit f-n '■ t^*} {'- cfrs,)n'’g 
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that IS, worthless for most expenmental work in drug allergy, there were no 
sigmficant sex differences When further injections of the inatant were 
given, only 17 per cent of the males and 23 4 per cent of the females were 
of grade IV, although 36 6 and 49 per cent respectively were still not higher 
than grade HI It should be added that, while a few guinea pigs m average 
albino stocks appear to be refractory after 10 to 15 daily injections of 2 4 
dmitrochlorobenzene, it is highly doubtful whether an absolute resistance 
will be encountered in any guinea pig under more intensive treatment, for 
mstance repeated appUcations of oil or alcohol solutions to the skin ® The 
lowest category used m the charts, grade IV, does not signify entire re 
sistance, for some tnflmg hyperreactivity to the daily mjections was noted 
in nearly all these animals dunng the second course, however, m the final 
contact test after the rest penod the animals could not be distmguished 
surely from those of the normal controls which showed some shght skm 
irritation to the cheimcal 

The greater difficulty in breeding for low suscepUbility to sensitization rsas evident 
m the earhest attempts Contnbuting comphcations m the selection of the breeding 
stock were mentioned above (page 712) probably as a consequence there was less initial 
homogeneity than among the high reactor stock As regards improvement of the colony, 
a choice of “continuing low reactors among the progeny, particularly brothers and 
sisters, was quite hmited Of the 7 male offspring suitable for breeding 2 had given 
shght reactions after the brief course while among 11 females attempts to mate 4 were 
fruitless the breeding of 2 others was scarcely productive, and the remainmg 5 included 
one which had been early grade HI and 2 that were early grade n/HI 

Since the tendency for resistant ammals to produce susceptible offspring 
is much greater than the reverse, it is probable genetically that the chief 
factors contnbuting to resistance are dommant over those favormg sus 
ceptibihty to expenmental sensitization A few mstances of “early re 
sistant’^ animals from the matmg of susceptibles (Fig 2, eg 449 o’, and 
Fig 1, 5) appear, however, to be out of hne with a simple presumption that 
“resistance is dommant over susceptibihty ” Indeed, the data otherwise 
suggest that a plurality of factors controls susceptibihty and resistance, m 
particular because of the occurrence of a rather large number of patterns, 
instead of a few, in the acquired levels of sensitivity Other than this, if 

* Of ‘:ome 234 albino guinea pigs sensitized in this manner by only 5 to 7 dail> ap 
plications not more than 4 appeared to be refractory This would then be analogous 
to the situation with Pnmula dermatitis (16), which is acquired b> nearly every m 
dividual upon intensive treatment with extractives of the plant although under natural 
conditions of contact marked mdividual differences m the capacity for sensitization are 
evident 
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one con'- ckr-' onh tliC follov inn hrond t%jx- cnrK '^u'^ccptihk (kl-wid 
i.pti!)k (n' III — * I) nnd conlinmni: rLsictnnt (IV — > I\ ) it i- not 
prob'’l)lt lint a -inple pair ot nllclomoqdn is adequate to explain the 
con-itirntion ixinxnor of the proptnx c i; in the line lather 28 X aS> 9, 
28 y 4>f) 9 brother 2aS X 260 9 0 3 I) Ihe intncacj le uirthcr 

to ix ‘^cen from the \anou=; matings oi 740 d* and ot 7S o’ (and from the 
dnerepanacs mentioned bcloe between the ccnsitnilics caused In use of 
1. o incil.ants’l It wail be noted in thn colona that throughout the breeding 
01 guinea pigs selected for their rclatneU high resistance, we did not meet 
with ana jxisitne instance of a “homoragous" animal as demonstrable ba 
the testing of its progena (although this aacll could be a consequence of the 
limited combinations of parents emploaed) 

0 inlc'tr't in connection ^ ith the genetic situation arc the results of mating two 
tkh%e<i n actors of unusual behaaaor, and the female al-o with an carh suectptihle 
male the grading-, after the brief and «tcoad courses are giaen, and below, within pa 
rvntl* e-' the 'cn'itiaita dcaclopcd to jxiison law following treatment of the progena 
a ilh the latter 
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Cro-scs inaolaang members oi the susceptible and resistant colonies aacre 
not undertal cn since the latter group aaas not sunTicientl} uniform 
The essential difference betaaecn the taao colonics and the eaidcnt segre- 
gations n the ofTspnng indicate a genetic basis lor susceptihilitj to drug 
alkrga m the guinea pig albeit a complicated one, and this is supported In 
the finding (after oar breeding experiments aaerc aaell along) of distmetia 
d’lTcrent leads ot susceptibiht) among the albino slods ofered b> aanous 
breeders \mong these instances maa l>c mentioned one stoci characti r- 
ircd ha a low to modemte su'CLptibilita to sensitization ba intracutaneous 
injections o* dinitsocnioro'xnzf nc and another a' hich a' as distinrtla inferior 
to other animals in oar e\-pcricncc as regards si m sensitization to Jiicral 
ch’onde idln Mog intr-'txntopeal injection o'" this inritant in conjunction 
sth taad tubercle bacilli (29) 

\\t •’’'O cr-'du'-ted anak^oas D-etdirg expenments a nth '•nimak cho=<n 
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on the basis of high and low sensitivities developed to poison ivy (see page 
715) instead of to dimtrochlorobenzene The number of progeny examined 
was not large, but the results tended to show that there is an hereditary 
basis for susceptibihty in this case also 

The question arose whether the difference between the two colonies is 
actually one of sensitization capaaty or simply a lower or higher resistance 
to the primary toxiaty of the inatant (upon which acquired sensitivities, 
possibly not unlike m degree, would be supenmposed) For this purpose, 
4 males and 4 females from each colony were assembled and, pnor to the 
regular sensitization course, the sUn reactions (primary toxicity) to differ 
ent concentrations of dimtrochlorobenzene (1 5 to 0 75 per cent m alcohol, 
10 to 1 per cent in ohve oil) were determmed The bnef mtracutaneous 
sensitization course was then given, and after a rest period of 2 weeks the 
ammals were tested with a 1 per cent solution in olive oil (which is seldom 
imtatmg and which had not sufficed to differentiate any of these same am 
mals before sensitization) 

There was, in fact, a difference between members of the two colonies, 
particularly among the females, with respect to the primary toxiaty of 
dimtrochlorobenzene, skin irntations bemg produced in members of the 
high reactor colony by about one half to one third the concentration giving 
nse to the same degree of irntation in the low reactor colony The sig 
nificance of this as an explanation of the difference between the two colomes 
apparently can be discounted, however, because there was no consistent 
paralieUsm m the individual cases between pnmary toxicity and the level 
of hypersensitivity attained by treatment with the inatant For mstance, 
among the males from the high reactor colony the one exhibiting the greatest 
pnmary toxiaty happened to be a poor reactor, and among the females 
from the low reactor colony the one least imtated by the mcitant developed 
the highest sensitivity of the group Another potent argument for actual 
differences m degrees of speafic sensitivity is the frequent occurrence in the 
susceptible group of reactions to 1/25 per cent solutions of the mcitant in 
ohve oil, mentioned above, as compared with the poor responses to the 1 
per cent test solution among members of the low reactor colony, a ratio 
much greater than the one between the concentrations produang imtation 
m non sensitized ammals of the two colonics Nevertheless, this somatic 
difference between members of the two colonies may have a bearmg on 
the multiplicity of sensitization patterns observed 

With a number of gumea pigs (100 progeny from the susceptible and 
resistant colomes, 37 offsprmg of ammals selected accordmg to their response 
to poison ivy extract, and 27 other guinea pigs), sensitization courses were 
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gi\t.n 5ucce?-nck •iMth the U\o incitants to compire the rcspcctnc re- 
sponse? Tncre v a', m fact, commonk i parallelism between the degree? 
01 ?cn5iti\at\ acquired to the two l\-pc5 of inatant, as stated for human 
Ixnngs b} \^cdrof^ and Dolgofi (5), act discrepancies haae appeared these 
haa c been chicfla in the direction of a dinitrochlorobcnrene scnsitiaata higher 
than that towards law, but there aacre at lea?t 20 clear instances of the 
rca ersc 

L^penments of this sort should be cxtendcel, perhaps with the breeding 
of animals haaing unequal scnsitiaatics to taao incitants, and using methods 
of sensitization chosen to alloaa simultaneous testing with the rcsjxictiac 
chemicals 

The relationship observed avail depend obaaouslj upon the inttnsita of 
treatment with each sensitizer Tor instance, the correlation was higher 
if the response to the la-j extract was compared with the dinitrochlorobcn- 
7cne brief course The experiences wath 46 animals from the susceptible 
colon} and 54 from the more resistant colon} ma} be cited after the bncf 
course, 52 per cent of the olTspnng shoaaed close agreement between the 
responses to the two incitants (c g , vanations of not greater order than II 
versus I/II, IV versus III/IV, etc ), and after further dinitrochlorobenzcnc 
treatment m the second course 42 per cent were still in close correspondence 

Other data bcanng on disacpanacs ina> be cited 2 males from the DNCl (dim- 
trochlorobcnzene) stock which had scarce!} rcs{>onded to p)cr}l chloride after a cour'e 
of 13 intracutancous injections of this substance were then given the bncf course of 
DNCl inje'Ctions, both became definite!} «cn'itiac to the ‘ccond inntant (I/II and III 
rc«ixrctivcl\), and the di'crcpancv was confirmed upon rete-sting nth pier}! chlonde 
and dinitrochlorolicnzcne simultaneous!} Again, in one cTpcriment 20 guinea pigs 
from common stocls vserc sensitized concurrent!} a ith both iv} and dinitrochloro 
benzene, the latter being here u'cd as a 5 per cent solution m olive oil applied to the 
skin dailv for 4 da}s, and were tested with the tv o substnnees it the sirnc time The 
<ie'’'iii 2 ation levels with the two inntants corresponded in 15 animals, of the others, 
o-c was modcratclv sen'^ tivc to DNCl but quite high vvnth iv} v hile two others sho ved 
the opposite rclation-hip, another vas high towards DNCl and ven tal tov ards iv}, 
a'-d 'till aro'her cihib led rather good DNO and low to modtrate iv} rc'pon'ts 

COMSIENT 

1 he establishment b} controlled breeding of tv o colonics of guinea pigs 
a hich differ significantl} m the degree ot scnsitiaita attained following the 
same scns'tiz'ng procedure demonstrates the existence of variations of an 
hereditara nature in the capacit} lor sensitization The difTcrcnce liet' cen 
the two co'onics v as sinking in that the one strain gave in the great majorit} 

' Cempa’c th^ iv’ ard d niirochlo'obcaze''e r-^P'O-’^es n th' tabulation on png'- 722 



HERIULL W CHASE 


725 


of cases uniformly mtense reactions after a bnef course of mtracutaneous 
injections •with a total of 0 01 mg substance, while the other responded 
almost regularly to an even greater number of mjections with only a low 
grade sensitivity, however, these animals were not entirely refractory In 
the latter group the uniformity was much less pronounced than among the 
good reactors, that is to say the oSspnng of poor reactors not seldom proved 
to be unequal, some individuals in a litter frequently exhibitmg stronger 
effects than either parent It imght well be, however, that continuation of 
selective inbreedmg would eventually lead to a more uniform strain of 
poorly reacting animals It may be remarked that also Webster m the 
studies referred to above had greater difficulty in estabhshing a strain of 
mice with high resistance to mfection with mouse typhoid than a highly 
susceptible strain 

Suggestive evidence for inhented differences as regards drug sensitization 
comes forth from experiences with guinea pig strains procured from different 
breeders It appeared that gmnea pigs (albinos) from some sources re 
sponded so poorly to sensitization that they were unsuitable for our experi- 
mental purposes, even after being kept for some time under our regimen 

The experiments were not earned far enough, and the situation is as yet 
too compheated, to offer a genetic analysis Also it was not feasible to 
undertake repeated matmgs between parents of different types to obtam 
information about the ratios in the offspnng Several features, particularly 
the fact that the sensitivities do not fall into a few sharply discrete grades 
but show continuous transitions, would appear to contravene a supposi 
tion of a single pair of genetic factors 

Breedmg expenments with parents selected for their reactivity to poison 
ivy, although made only on a small scale, tend to show that here agam the 
degree of susceptibility is hereditary and that good and poor colonies can 
be estabhshed This raises the point whether animals of different suscepti 
bihties to sensitization with one simple substance will show the same 
behavior towards a different compound, that is, whether one deals with a 
susceptibihty that is general or one varymg to some extent according to the 
substances tested From expenments in which animals were sensitized 
in succession to dimtrochlorobenzene and poison ivy, it would seem that 
there is roughly an accordance between the sensitivities developed to the 
two compounds (</ S) but there were several mstances of discrepancy one 
way or the other If further expenence were confirmatory, this hkewise 
would affirm the complexity of the hereditary basis underlying drug allergy 
Observations indicating a degree of speafiaty in experimental sensitization 
of human bemgs have recently been reported (30) 
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It mi} be added that the possession of guinea pig> higliK and unifonnK 
susceptible to sensitiaation should be of \aluc lor cxpennicnta! worL in thi^ 
field 


SUMMAR\ 

It has pro\cd possible to set up lines of guinea pigs of significant]} differ- 
ent susceptibilities towards a compound of simple stnicturc, name!} 
2 4 dinitrochlorobcn7cnc Ihis proeadcs direct ceidcnce that the t\pc of 
sensitiaation under discussion is influenced b} hcrcdit} 
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CASEIN DIGESTS PARENTERALLY UTILIZED TO FORM 
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The gist of this paper is that certain casein digests given by vein or sub 
cutaneously are promptly used by the hypoprotemenuc dog to produce 
needed plasma protems The digest of casein is approximately as effective 
by \em as is the casern digest or whole liver equivalents given by mouth 
The digests tested are essentially non toxic as used 
A considerable senes of expenraents on dogs done m this laboratory has 
been reported durmg the past several years (9, 15, 4, 11) to show that 
normal dog plasma given by vein to the protein fastmg dog can supply all 
protein requirements The dog has been kept many weeks m health, t;v eight 
balance, and positive nitrogen equilibrium by suitable amounts of plasma 
by vem and sugar, fat, mmerals, and accessories by mouth 
Normal dog plasma protem given by vein durmg such protein fasts is 
utilized much more effectively than protem b> mouth It is evident from 
these previous experiments, and others of Howland and Hawkins (10), 
that the plasma proteins are utilized m the body more directly, with less 
waste and with but slight cleavage mto large aggregates when needed 
to supply the protein requirements of the fastmg dog This exchange 
of proteins between the blood plasma and body cells has been discussed m 
recent papers (13, 14) 

Table 5 (period 17) also shows how effectively plasma protem is used m 
the fastmg dog as compared mth the casern digest Note the low urmary 
nitrogen when plasma protein is given by vem — about one half the amount 
recorded when equivalent amounts of casein digest are given by vem How- 
ever, the casern digest by vein is as effective m plasma protem formation 
as liver protem or casern digest given by mouth This would support the 
current belief that practically aMfood proteins are reduced to ammo acids 
and peptides before utihzation for protem buildmg m the normal body 
In the experiments tabulated below we assume that hypoprotememia 
offers a strong contmued stimulus to plasma protem regeneration Daily 
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plasmapheresis and a constant basal diet enable the in\ estigator to 1 ecp 
the plasma protein concentration clo«c to 4 per cent Jlaintcinncc ot the 
plasma protein le\cl near ‘i per cent for man\ weeks is cs-cntnl for stcad\ 
maximal stimulation (13) and effects a relatucK constant protein output, 
a product of the basal diet In the carl} weeks a surplus is remoeed o\cr 
and abo\e the basal plasma protein output this surplus is called the reserve 
store and aaries with different dogs and different dietar> rCgimes in effect 
before the plasmapheresis TJie nature of this rescree store has been the 
subject 01 some discussion (14, 3, 2, 13) 

B\ this U-pc of expenment with carcfull} standardized dogs, we arc able 
to determine quaultlali ely the worth of diet factors and this lias been done 
for man\ diet proteins The method is admirably suited to a stud} of 
protein digests designed for clinical use It is possible to measure accu- 
rate!} the result in plasma protein rcmo\cd and compare this result with 
the response to standard proteins by mouth 
Protein digests parenteral!} were tried }ears ago (8), and more rcccnti} 
Elman (5, 6) and others (16, 7, 1) ha\c reported several favorable nitrogen 
balance studies with them Elman notes rises in the plasma albumin 
level, Farr (7) finds no effect on the plasma protein concentration of 
nephrotic children 


Methods 

■Ml dogs were iramunired against distemper Thev v^c^c under clo'^c ob«cr%ation in 
metabolism cages 

The dfot rratenals were analj-zcd for nitrogen dried jeast (tj’pe 2CX)-B, Standard 
Brands, Inc), 7 8S per cent, liver powder (H S0S3, Eli Lill> and Companj), 9 G6 per 
cent, comracraal casein, 14 0 per cent, fresh pork liver, 3 20 per cent Their protein 
content was assumed to be 6 25 times their nitrogen value The salt mixture of t\cs 
son (17) was used The commcraal leathin contained 3 53 per cent choline 

M c arc aware that the vntamin suppl> of the oral diets, giv en as listed in the Eipen- 
mcn tal Histones, roav not prov e entircl> adequate when more is known about the require- 
ments of the mdivndual members of the B complex, particularlj m animaL under the 
strain of p’asmaphe'cs s over long penods of time To add more crude sources, such 
as V east is to compbeate further the finer interpretations of the results of protein testing 
\\ e cnpbas^c, howev cr, the excellent clinical condition of the<^ dogs 

The ca^'ir digest L uvid in thc^ eipenments was fumish'-d us through the courtes} 
o^ the Research Labo-atones of Eli Lillv and Companv We arc particuhrl) indebted 
to Mr Elmer Stuart, Mr G'Xj'gaB Walden, and Dr G If \ Goves Thematrnalis 
p-epircd bv papain digestion of commcraal casein The dig'^tion go/^ on in an and 
med um a* a te'^pemtum o*' appmnmatelv 40' dunng H. cral davs Final d gest mulure 
IS headed to bcni-g coobd, filtered, and th*" filtrate evapo-ated to drj in a vacuum 
Ago'are vellow, gnmu’c'-matcnalistheerdp-od^ct It has a nitrogen contc''* of 125 
per cert ard an as''-m--d pm c n eq-ivale-ce o' 78 1 p'- ce-t 
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The protein digest X, the product of another laboratorj , is said to be a combination 
of aad and alkali hydrolysates of protem, brought mto a final solution containing 1 
per cent nitrogen and 5 per cent dextrose Its assumed protein equivalence is 6 25 gm 
per 100 cc. solution 

The procedures used have been previously descnbed for the most part (12) Aseptic 
precautions m the plasmapheresis technique and m the infusion of digest solutions "were 
not taken in obtaining the data of Tables 4 and 5 nor in the first 8 pcnods of Tables 1 
and 3 Aseptic methods "were used elsewhere Casein digest L and dextrose were 
brought mto solution in previously boiled hot water and then filtered through a Seitz 
(EK) filter pad, with a final concentration of 5 per cent each Dextrose was not added 
to the digest m the subcutaneous in 3 ection tests of Table 2 The rate of injection on 
different occasions varied from 4 to 8 cc. of the 5 per cent solution per minute No 
change in the urinary nitrogen was associated with a change m rate withm these hmits 
The daily quota of digest was given m 2 equal injections about 5 hours apart except as 
noted m Tables 1 and 1 a and in Chnical History, dog 39 106 When plasmapheresis 
was performed the first digest mjection would immediately follow the return of the 
washed red blood cells The oral diet was offered about 2 hours after the last digest 
injection for the day When all the digest was given m one mjection, the oral diet was 
offered about 6 hours later 

We realize that for maximum utilization the digest infusions should follow the mges 
tion of the non protem portion of the meal of the day They are practical objections to 
such a procedure Moreover, no certam difference m utilization was noted when the 
second half of the digest and the diet were given only 2 hours apart (Tables 1 and l-o) 

EXPERIMENTAL OBSERVATIONS 

The following five double tables include data obtained from testing pro- 
tein digests m 5 dogs In Tables 1 and \ a,2 and 2 o, 3 and 3 a, the casein 
digest L was given to dogs rendered hypoproteinemic by plasmapheresis 
The same digest was given to 2 normal dogs as reported m Table 5 The 
protem digest X was given to a dog dunng plasmapheresis m Tables 4 and 
4-a and to the 2 normal dogs of Table 5 

Casein digest L, given by vem or subcutaneously, is well utilized for 
plasma protem formation and for mamtenance of mtrogen balance durmg 
hypoproteinemia It promotes recovery from hypoprotememia (Tables 1 
and 2) It is utilized m normal dogs not subjected to plasmapheresis 
(Table 5) but insufihciently well to achieve nitrogen balance This casein 
digest L appears to be just as effective m plasma protem regeneration when 
given by vem as when given by mouth (Table 3, penods 7 and 8), despite 
the fact that by vem it is always assoaated with an mcrease m unnary 
nitrogen, m other than the urea and ammonia fraction (Tables 1 a, 2 o, 
3 a, and 5) This unnary nitrogen increase remains essentially the same 
and the utilization appears the same when the digest is given in one con 
tmuous dose rather than m 2 doses hours apart (Tables 1 and 1 o) The 
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Utilization of this digest is not improved b\ the addition oi tr\-ptophant 
or of c\ Stine or ot both these ammo acids (Tables 1, 3, and 5) 

The prolciv d:i;cst V if supplemented b\ cvstinc and trvptophanc is mcII 
utilized in plasma protein production and induces a positu e nitrogen balance 

TVBIF 1 

Casein T> test I Pror-e'es Plasr-a Prcteir PrcJue'tc’’ 

C^steire ari Try {^tephare \ct Required as Siipf’er-ents 


Dog 39-723 


•• 

*1 

rs 

3 

Ditt 

Pfofem 
intake 
Tola! for 
7 ilaj-t 

riaana 
protein 
re^ovfxl 
Total lo 
Idiyt 

1 Blood pUs-ta 

1 A'crajcc 

I concentration 

RBC 

hena 

locnt 

average 

riawa 

Tolu’ne 

VVesSt 

Total 

p*t?- 

ten 

A/0 

ratio 




r-i 

frrertt 


erni 

cc 

*e 




— 

5 92 

1 26 

40 9 

366 

8 9 

1 


0 

25 4 

5 44 

1 2S 

41 6 

292 

7 9 

2 

Low protein 

15 

14 9 

3 95 

96 

4S 3 

312 

8 0 

3 

Liver basal 

85 


4 12 

1 02 

4S 5 

300 

8 3 

4 

Liver basal 

85 

21 9 

3 95 

I 11 

47 4 

316 

8 5 

5 

Liver basal 

85 

21 0 

4 07 

1 10 

46 3 

32S 

8 5 

0 

Liver basal 

73 


4 12 

1 OS 

49 2 

253 

8 5 

~ 

I/)vv protein -e dtsesl L + 

76 

19 4 

4 Ot 

0 91 

49 8 

322 

8 5 


tryptifhare u- essteire' 








8 

Loir protein + digest L + 

SI 

17 4 

3 93 

0 79 

47 4 

271 

8 8 


c^steire 








9 

Lo-v protein u- digest L 

79 

22 8 

4 27 

0 6S 

45 0 

— 

8 5 

10 

Lo V protein + digest L 

81 

18 6 

3 9S 

0 66 

46 5 

— 

8 5 

n 

Lon protein + digest I 

81 

3 4 

4 S4 

0 69 

16 1 

— 

8 7 

12 

Low protein 4- dige t J 

81 

3 3 

5 OS 

0 76 

42 1 

368 

8 7 

n 

Low protein + digest L 

SI 

1 6 

5 18 

0 76 

43 5 

36S 

8 9 

14 

Lo V protein digest Lf 

81 

1 7 

5 29 

0 83 

16 0 

— 

9 0 

15 

I-ow prote n + digest /( 

81 

3 3 

5 56 

0 90 

46 9 

— 

9 2 

16 

Ixw protein digest Lt 

81 

1 S 

5 59 

0 87 

45 8 

— 

9 2 

1- 

I/i protein — digest it 

81 

23 5 

4 5-1 j 


M 8 


9 4 

IS 

Lo \ p'otcin + digest L\ 

7! i 

17 6 

4 07 1 

0 75 ; 

^2 2 

— 

9 3 


Lo~ pro cm dige t it 1 

76 1 

12 9 ' 

4 OI j 

mM 

45 6 j 


9 3 


‘Items n idles ri\ct irtniscnou'l} 
t D gmt g 'cr m 1 nj'CUcn daiK 


(lablcs 4 and 4-<i) In striking contrast, if these amino acids arc omitted, 
the plasm'’ protein output drops and the unnarj nitrogen excretion 
shoots up 


Kssp'rtr-er'z' —Dog 39 233 (Tables 1 art! 1 a) \n alalt f-ral trmer, 

fa^ ed dun-'g pc' M 1, va, giscn d_r -g 2 a b" p'o t d * co i tng o' care 

s-par 93 p— , cc-n s*-ircn 20 jm , cn"* c 1 10 pm , ca'co 10 pm , ‘a!* nixtu’’' 5 pm , 
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bone ash 10 gm , cod bvcr oil S gm dned yeast 2 gm Uver powder 2 gm , nicotinic 
aad 0 05 gm , cholme hydrochlonde 0 4 gm 

TABLE i-a 
Nitrogen Balance 
Casein Digest L Well VtiU ed 
Strongly Positive Nitrogen Balance after First Two Periods 

Dog 39 223 


NiUogtn balance 




In take 



Output 




7 days 

Diet 


in 




in u be 


Intake 



in 

diet 

excess 

R3a 

injected 

In 

plasma 

In 

fecta 

Total 

Urea + 
NUt 

Unde 

ter 

mined 

output 


Kennel 

tm 

tm 

tm 

tm 

tm 

Per tint 

tm 

tm 

1 

Fastmg 

0 0 

3 6 

4 2 

— 

12 6 

— 

— 

-13 2 

2 

Lov. protein 

2 4 

0 1 

2 S 

} 

4 9 

— 

— 

-4 9 

3 

Liver basal 

13 6 

2 0 

3 4 

3 S 

8 8 

— 

— 

-0 1 

4 

Liver basal 

13 6 

0 3 

3 6 

1 9 

8 3 

— 

— 

+0 1 

5 

Liver basal 

13 6 

0 1 

3 4 

2 2 

7 8 

— 

— 

•fO 3 

6 

Liver basal 

n 6 

0 9 

3 4 

1 7 

7 4 

71 

2 2 

0 0 

7 

Low protein + digest L + 

12 8 

0 7 

3 2 

2 0 

10 2 

57 

4 4 

-1 9 

8 

tryptophane + cysteine* 

Low protem + digest L + 

13 4 

1 7 

2 8 

1 9 

10 4 

56 

4 6 

0 0 

9 

cysteine 

Low protem + digest L 

12 5 

2 7 

3 4 

1 6 

11 1 

58 

4 7 

-0 9 

10 

Low protem + digest L 

12 9 

4 0 

3 0 

1 7 

9 9 

59 

4 1 

+2 3 

11 

Low protem + digest L 

12 9 

1 0 

0 6 

1 6 

9 4 

55 

4 2 

+2 3 

12 

Low protem + digest L 

12 9 

1 3 

0 5 

1 6 

9 5 

56 

4 2 

+2 6 

13 

Low protein + digest L 

12 9 

0 8 

0 3 

1 6 

9 6 

SS 

4 3 

+2 2 

14 

Low protein + digest Lf 

12 9 

0 8 

0 3 

1 8 

10 1 

54 

4 6 

+1 5 

IS 

Low protem + digest Lf 

12 9 

-0 S 

0 5 

1 8 

9 9 

51 

4 8 

+0 2 

16 

Low protein + digest if 

12 9 

-1 5 

0 3 

1 7 

9 4 

51 

4 6 

0 0 

17 

Low protein digest Lf 

12 9 

5 3 

3 8 

I 8 

9 7 

54 

4 5 

+2 9 

18 

Low protein + digest Lf 

12 3 

2 6 

2 9 

1 1 

10 0 

54 

4 5 

+0 9 

19 

Low protem + digest Lf 

12 2 

2 4 

2 1 

0 9 

9 2 

55 

4 2 

+2 4 


Totals 

221 2 

28 3 

44 2 

30 4 

178 2 

- 

- 

-3 3 


t Included m penod 3 
• Items in itabcs given intravenously 
t Digest given m 1 mjection daily 


In penods 3 to 6 the liver basal diet consisted of the above diet with the addition of 
raw pork Uver, 50 gm , and the deduction of cane sugar 15 gm One day’s diet was 
omitted dunng period 6 

In penods 7 to 19 the low protein diet was the same as that of penod 2 except for the 
addition of thiamin chlonde 5 mg and the deduction of cane sugar, 25 gm Dunng 
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£-r/'nr-^r 'cl llis'c Doj* 39 234 (Tables 3 nrd 3 c) \n iduk ftmak r’vTifnl 
(hch-bunri fas cxj durnf: |>cnoci 1, --as pi cn dunnp {Kncvd 2 a lo pwtm d cl ton 
s ^'inp oi canc sjpar 110 gm , co-a starch 20 gn , com o 1 10 pm , cnsco 13 pm , salt 
mixture 5 pm .lioic as], 10 pm ,cod lixcroil 5 pm ,dncd \cast 2 pm ,li\i.riKi\\dcr 2 pm , 
n colnic acid 0 Oi pm , cholme h\ drochlondc 0 4 pm 

Dunng penods 3 to 6 the h\cr baml diet consisted of the akovt. diet \Mth the addi 
t on of ravi pork Incr, 50 pm , and the deduction of cane sugar, li pm One da\’s 
diet ^'.•as omitted dunnp penod 6 

Dump penods 7 to 9 the low protein diet i-as the same as that of pcncxl 2, except 
for the addition of thiamin chlcmde, 5 mp , and the deduction of cant supnr, 2i pm 


TVBLL 2 


Casor L Su'k il^rtc ist\ as u-r/l as hy 1 tin 

Pror-c!n Plasma Pro'etr Prcdiic! or 


Dop 39 316 


•1 

ft 

i 

V 

Diet 

Pfoteia 
lauke 
Total for 

7 days 

riai"a 
f’foten 
rrtnohed 
Total for 
^ days 

I))ood pla?*"a 
Ahcrace 
co-iccniratioa 

R.nc 

toenU 

svtrape 

rijtma 

\olunc 

Wcijrht 

Totil 

pro 

uia 

A/G 

rttu> 



r" 

rm 



||R||RR|| 

M 

if 


Kennel 

— 

— 

5 35 

1 43 


kh9 

10 7 

1 

1 a«tinp 

0 

25 6 

4 85 

1 S3 


■HI 

9 7 

2 

Low prole n 

15 

li 7 

3 68 

1 37 


390 

10 5 

3 

Low protein + dices' i* 

93 

12 5 

4 14 

0 58 

46 2 


9 9 

4 

Low protein + digest L 

8S 

26 1 


0 57 

46 1 


9 7 

5 

Low protein digest I 

95 

18 9 

4 31 

0 57 

45 6 

mi_ 

9 8 

6 

ItOw pnotcin digest L 

97 

15 6 

4 01 

0 OO 

48 3 


9 6 

7 

Lo V protein 

15 

1 5 


0 59 

16 0 


9 5 

8 

Low protein digest Lf 

97 

1 5 

4 59 

0 68 

41 7 


9 i 

9 

Low protein digest Lf 

153 

2 9 

5 42 

0 68 

12 6 

B 

9 4 


‘Items in ital cs given inlravtrousU 
t Diges given sjbculancouiK 


Case n dipcit, 12 pm , f-casteme hv drochlondc, 08 pm , and I irvptophane, 02i pm , 
were injected dailv bv vein in penod 7 and consumption of the lov protc n diet v as 
99 pc' ctnt, excel): on the first dav of thi> penod On this da> the digest (6 pm ) was 
given as a 10 per cent solution, sal vation was marled, hvperpica v as moclcratc, and 
vom’‘inp v aterv fiu d occurred 3 time^ dump the 30 nnutt injection Jbt second 
6pn o dipe-t were no* given On th sda> act vat} v as sulxlu'd but the dop ate the In 
pmtt n d et 100 per cft For the remain rp 6 da s jitnod 7, the dipt * ns given 
as a 5 per ce"l solat na " Uh the cime reactions in the dnp on each injectinn bat vtrv 
mid raturt \o'i!t, np occurred rna v uh 9 of th' 12 inj et ons I}e riactio-'S 
V t't tran' t.el and a it— m nute, aftir the irjectio" t*-c activitv rt'um'd to rnrmal 
It, ca-e n dpe t, 12 p- I <r •‘'tr'-t hvd'c>en!n-de 0 S pm , ard ih- h 

P'0’ cm d * .'to'e'eddal b a-d *^'7 per ccs-* con'^meti 

Jr, jv-'vi 0 d < e d cc-T 12 p-- ae,! tPc h pmUt " d et V en d b rn th 
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and the average daily consumption was only 77 per cent The dog appeared m good 
condition but throughout the penod showed a trace of albumin m the urme and rare 
red blood cells The jugular veins were so scarred by this time that adequate bleedings 
were impossible and by the end of the penod the plasma protem concentration had 
reached 5 27 gm per cent 


TABLE 2-a 
Jfttrogen Balance 

Nttroien Equiltbnum ifamtained after First Tivo Periods 

Dog 39 316 


Nitrogen biliace 


Period 
7 days 


Intake 



Output 




Diet 

la 

diet 

to 

in 

plasma 



in urine 


ktake 



caceas 

R.BC 

(ojccted 

m 

fecta 

Total 

Urea + 
NHs 

Dnde- 

ler 

mined 

output 


Kennel 

tm 

t«i. 

tm. 

sm 

tm 

perunt 

tm 

tm 

1 

Fasting 

0 0 

-2 1 

4 2 

— 

13 3 

83 

2 2 

-19 6 

2 

Low protem 

2 4 

2 5 

2 6 

2 2 

10 I 

72 

2 8 

-10 0 

3 

Low protem + digest L* 

14 8 

1 8 

2 1 

1 8 

14 4 

63 

5 4 

-1 7 

4 

Low protem + digest L 

14 0 

4 7 

4 2 

I 7 

14 3 

61 

5 6 

-1 S 

5 

Low protem + digest L 

15 1 

2 9 

3 1 

1 7 

12 7 

55 

5 7 

+0 5 

6 

Low protem 4* digest L 

IS 5 

3 7 

2 5 

1 4 

13 0 

59 

5 3 

+2 3 

7 

Low protem 

2 4 

0 7 

0 2 

1 S 

7 1 

66 

2 4 

-5 7 

8 

Low protem + digest Lf 

15 5 

1 3 

0 2 

2 1 

12 8 

64 

4 6 

+1 7 

9 

Low protem + digest Lf 

24 6 

-0 5 

0 5 

1 2 

18 1 

66 

6 2 

+4 3 


Totals 

104 3 

15 0 

19 6 

13 6 

115 8 

- 

- 

-29 7 


• Items in italics given mtravenousl> 
t Digest given subcutaneously in 2 equal injections daily 


The casein digest X is as eflfective m plasma protein production b> vein 
as by mouth (Table 3) despite the fact that more of its nitrogen is eliminated 
m the urme when given by vein The reduced output of plasma protem in 
period 9, Table 3, is explamed m the E-^cnmental History The negati\e 
nitrogen balance of period 9 is largely the result of difficulty in remjectmg 
red blood cells 

Lxpenmental Etstory — Dog 39 106 (Tables 4 and 4-o) An adult male beagle hound 
fasted dunng penod 1 ^vas given during penod 2 a low protein diet consistmg of cane 
sugar 70 gm , lard 30 gm butter fat 20 gm cod hver oil 5 gm , leathm 5 gm dned 
j cast 1 gm , mcotimc aad 0 025 gm salt mixture 4 gm , bone ash 10 gm In penod 3 
liver SO gm , replaced sugar 20 gm , of the above diet and in penods 4 and 5 casein 
15 gm replaced the hver These diets were completel> eaten every da> 
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In penods 6 and 7, the protem digest X was given intravenously, 200 cc daily, m 4 
equal portions, 2 to 3 hours apart, at a rate of 2 5 to 3 cc per minute, without reaction 
The low protem diet, as descnbed above except for reduction in sugar to 40 gm , was 
completely consumed in penod 6 but in penod 7 the appetite and the activity of the dog 
decreased and a total of SO per cent of one day’s diet was rejected The diet was changed 
durmg the last 4 days of the penod by adding canned tomatoes, SO gm , and by increasing 
the sugar to 100 gm and decreasmg the lard to 20 gm , the butter to 10 gm 

In penod 8, protein digest X, 200 cc , was given daily mixed with the low protein 
diet of the 6th penod and supplemented by Z-cysteme, 0 8 gm , and Z-tiyptophane, 0 3 gm 

TABLE 3 


Casein Digest L by Mouth or by Vein 
Shows Same Plasma Protein Production as Liver Protein by Mouth 
Dog 39-234 


V) 

« 

Diet 

Protein 
intake 
Total for 

7 days 

Plasma 

protein 

Blood plasma 
Average 
concentration 

R.Ba 

hema 

Plasma 

volume 

Weight 

£ 


Total for 
7 days 

Total 

pro 

tein 

A/G 

ratio 

average 



gm 

gm 

unt 


per cent 

cc 

h 


Kennel 

— 

— 

5 87 

1 23 

43 2 

438 

10 7 

1 

Fasting 

0 

31 8 

5 22 

1 46 

45 5 

296 

9 5 

2 

Low protein 

IS 

15 3 

3 85 

0 95 

48 3 

317 

9 2 

3 

Liver basal 

85 

22 1 

3 99 

0 76 

49 4 

366 

9 3 

4 

Liver basal 

85 

20 8 

3 93 

0 71 

47 2 

381 

9 3 

5 

Liver basal 

85 

20 6 

4 17 

0 78 

45 7 

384 

9 4 

6 

Liver basal 

73 

22 0 

4 10 

0 82 

48 4 

364 

9 3 

7 

Low protem -f- digest L -f 
iryptophane cysteine* 

76 

20 3 

4 12 

0 78 

46 8 

— 

9 2 

8 

Low protem -(- digest L + 
cysteme by mouth 

81 

19 6 

4 07 


46 0 

372 

9 5 

9 

Low protem digest L by 

mouth 

62 

10 7 

4 48 

0 53 

44 5 


9 1 


• Items m italics given intravenously 


The mixture was completely consumed For the final 2 days of the penod tomatoes, 
SO gm , and thiamm chlonde, 5 mg , were added to the diet 

In penod 9, casein, IS gm , sugar, 10 gm , and Bs-hver concentrate, 1 gm , were added 
to the protein-low diet as of penod 6 

In the 10th penod the diet casein of the precedmg penod was replaced by protem 
digest X by vem as m penods 6 and 7 plus the daily addition to the digest of Z-cysteine 
hydrochlonde, 1 04 gm , and Z-tryptophane, 0 3 gm The digest and supplements were 
given on only the last 6 of the 7-day penod Consumption of the low protein diet was 
complete except for 20 per cent on the 6th day and 93 per cent on the 7th day There 
was no obvious explanation for this dechne m appetite although one soon developed 
The dog appeared generally normal except for slight reduction in activity 

Throughout this experiment, mcludmg the beginning of the 10th week, the unne 
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was normal m the gross and microscopically, but at the end of period 10 the unne con 
tamed a shght amount of albumin, a few white blood cells and red blood cells and occa 
sional granular casts In the 11th week appetite further dedmed the dog appeared 
definitely sick after a few days and was sacrificed one week after the dose of the 10th 
penod Blood culture the day before death yielded Slrepioccccus vtndans and B aJcalt 
genes, and at autopsy similar orgamsms were recovered from fresh vegetations on the 
mitral valve Also found were an acute focal embohe nephntis, infected infarcts of 

TABLE 3^ 

Ntlrogen Bahnee 

Nxirogen Balance Matntatned after First Two Fenods 

Dog 39 234 


Nitngen balance 


Period 
7 diys 


Int«ke 



Output 



Diet 


In 




In nrlne 


Intxke 

tnious 

output 



ta 

diet 

excess 

ILBC 

iojected 

Ifi 

plums 

In 

feces 

Toul 

Dret + 

Unde* 

ter 

mmed 



tm. 

tm 

tm. 

tm. 


ftttent 

r". 

tm. 


Kennel 

— 

— 

— 

— 

— 

— 

— 

— 

1 

Fastmg 

0 0 

6 1 

S 1 

— 

17 2 

— 

— 

-16 2 

2 

Low protem 

2 4 

0 8 

2 5 

3 0 

12 3 

— 


-14 6 

3 

Liver basal 

13 6 

1 6 

3 6 

2 6 

10 7 

— 

— 

-1 7 

4 

Liver basal 

13 6 

0 2 

3 4 

3 4 

9 1 

— 

— 

-2 1 

5 

Liver basal 

13 6 

-0 8 

3 4 

2 S 

8 8 

— 

— 

-1 9 

6 

Liver basal 

11 6 

1 3 

3 6 

2 6 

9 1 

— 

— 

-2 4 

7 

Low protem -f- digest L 4- 
tryptophane + cysteine* 

12 8 

1 6 

3 2 

2 3 

9 7 

59 

4 0 

-0 8 

8 

Low protem + digest L -b 
cystdne by mouth 

13 3 

3 6 

3 2 

2 7 

8 1 

70 

2 4 

+2 9 

9 

Low protem + digest L by 
mouth 

10 0 

-5 8 

1 8 

2 0 

8 3 

72 

2 3 

-7 9 


Totals 

90 9 

8 6 

29 8 

21 1 

93 3 

- 


-44 7 


* Items in italics given intravenously 


heart, spleen, and kidneys, hemorrhages m serous membranes and gastro-mtestinal tract. 
From histological examination the apparent age of the vegetations agrees with the dinical 
onset of the illness about 10 days before death, no doubt a consequence of the multiple 
mtiavenous mjections without aseptic precautions and the low resistance of the protem 
depleted dog 

It IS obvious from the data of Tables 4 and 4-a that cysltne and Iryplopltane 
are effective supplements for protein digest X, a digest -which is not utilized 
by vem unless supplemented 

Of some mterest is a clear demonstration of the retention of the added 
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cystme (or cysteine) sulfur The urinary total sulfur dunng periods 5, 6, 
and / was 125 mg , 136 mg , and 129 mg , respectively, a satisfactory base 
Ime When cystme sulfur of 1495 mg was added m period 8, the sulfur 
excretion rose only to 186 mg The added cystine sulfur was more than 
95 per cent retained Plasma protem production increased sharply One 
mrght pomt out that the quantity of plasma protein removed durmg period 
8 must have contamed only about 160 mg of cystme sulfur The urinary 

TABLE 4 

Protein Digest X by Mouth or by Vein 


Promotes Rapid Plasma Protein Formation 
Only When Supplemented anih Cystine and Tryptophane 

Dog 39 106 


Period 7 days 

Diet 

Protem 

mtake 

Total 

Plasma 

protein 

emoved 

Total 

for 7 

days 

Blood plasma 
Average 
concentration 

R.B C 
hema- 

Plasma 

\olume 

Weight 


for? 

days 

Total 

protein 

A/G 

ratio 

average 



gm 

gtn 

per uni 


ptr cent 

ec 

Jtf 


Kennel 

— 

— 

6 43 

0 93 

— 

— 

11 5 

1 

Fastmg 

0 

17 6 

5 89 

0 87 

49 2 

474 

10 2 

2 

Low protem 

3 

30 4 

4 49 

0 75 

SO 7 

356 

10 2 

3 

Liver basal 

73 

28 8 

4 13 

0 64 

49 0 

429 

10 0 

4 

Casern basal 

96 

20 4 

3 86 

0 54 

47 4 

429 

10 2 

5 

Casern basal 

96 

18 4 

4 06 

0 67 

50 3 

424 

10 2 

6 

Low protem -f protein digest X* 

91 

12 1 

3 70 

0 60 

49 9 

327 

10 0 

7 

Low protem -(- protein digest X 

93 

8 4 

4 02 

0 51 

47 8 

323 

9 7 

8 

Lon protem 4- protem digest X -}- 
cystme trjptophane bj mouth 

92 

22 1 

4 21 

0 64 

47 4 

449 

10 2 

9 

Casern basal 

100 

25 2 

4 33 

0 64 

48 8 

373 

10 1 

10 

Low protem -f protein digest X -1- 
cysleine -+- tryptophane 

94 

23 8 

4 15 

0 50 

47 8 

435 

10 0 


• Items in italics gl^ en mtravenouslj 


sulfur of period 9 was 146 mg and rose during period 10 to 176 mg when 
cj^steme sulfur, 1478 mg , was mjected by vein Agam, the added sulfur 
was more than 95 per cent retamed The conservation of this sulfur is 
associated with a large production of plasma protem Sulfur retention has 
been demonstrated under many other circumstances 

Experimental History —Dog 39-316 (Table 5) An adult, female beagle hound vas 
fasted 2 daj'S (penod 1) The low protem diet fed the remaining 16 tt\o-day penods 
consisted of cane sugar 146 gm , lard 34 gm , butter fat 14 gm , salt mixture 6 gm , bone 
ash 6 gm , cod liver oil 10 gm , dned yeast 1 gm , chohne hydrochlonde 0 2 gm , nico- 
tinic aad 0 025 gm This diet vas eaten completely through penod 4 
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Dunng penods 4 and 5, casern digest L by vein was given, 30 gm per penod m 3 
equal doses as an 8 or 9 per cent solution, also containing glucose 4 per cent and sodium 
chlonde 0 9 per cent In penods 6 and 7 the digest was increased to 40 gm per penod, 
given m 4 equal doses In penods 8 and 9 , 1 tryptophane, 1 2 gm , was added to*40 gm 
digest per penod In penods 10 and 11, /-cysteme hydrochlonde, 2 0 gm per penod, 

TABLE 4-0 
Nitrogen Balance 

Nitrogen Retention Only When Protein Jhgest \ Is Supplemented 
vnth Cystine and Tryptophane 

Dog 39 106 


Nltrogcfi balance 


Period 
7 day* 


Zntako 



Output 



Diet 

Indict 

in 

In 

plnssui 



In tiiine 


Inuke 

minus 



iCSc 

Injected 

fecea 

Total 

Urea 
+ NH, 

Undete^ 

mined 

output 



ta 

m 

Its 

tm 

tm 

per ctnt 

tm 

tm 


Kennel 

— 

Ri 

— 

— 

— 

— 

— 

— 

1 

Fasting 

0 

Hi 

2 9 

t 

19 3 

— 

— 

-22 1 

2 

Low protein 

0 8 


5 0 

3 9 

14 2 

— 

— 

-22 8 

3 

Liver basal 

12 1 

SB 

4 7 

1 S 

14 S 

— 

— 

-8 9 

4 

Casein basal 

IS 6 

2 8 

3 4 

2 1 

14 7 

— 

— 

-1 8 

5 

Casern basal 

15 6 

1 5 


1 8 

IS 6 

77 8 

3 6 

-3 3 

6 

Low protem + protein digest 

X* 

14 6 

1 3 

m 

1 9 

22 9 

74 2 

m 

-10 9 

7 

Low protem + Protein digest X 

14 7 

5 5 

1 3 

fflil 

22 5 

71 6 

6 3 

-S 6 

8 

Low protem + protem digest 
X + cystine tryptophane 
by mouth 

IS 6 

8 0 

3 6 

3 3 

11 9 

72 7 

3 2 

-1-4 8 

9 

Casern basal 

16 3 

7 2 

4 2 

2 2 

14 7 

82 8 

2 5 

+2 4 

10 

Low protein + protein digest 
X -t- cysteine + tryptophane 

16 0 

7 4 

3 9 

2 3 

14 2 

74 7 

3 6 

-f3 0 


Totals 

121 3 




164 5 

- 

- 

-65 2 


t Included m following penod 
• Items m italics given intravenously 


was added to this combmation Reaction to these mjections was minimal, a little 
mucus was vomited on only 2 occasions In penods 5 through 9 the oral diet was 
oinsumed 95 p>er cent, but m penods 10 and 11 half of the diet had to be spoon fed 
each day 

In penods 12 and 13, casein digest L, 20 gm , / tryptophane 0 6 gm , and Z-cystme 
0 8 gm were mixed daily mto the low protem diet and fed Appetite improved and 
spoon feeding was urmecessary m penod 13 

In penods 14 and IS, protem digest X 500 cc, with added tryptophane, U gm , 
and cysteme hydrochlonde 2 0 gm , was mjected intravenously, m 4 equal doses m 
penod 14 and m 8 equal doses m penod IS Vomitmg of mucus occurred with several 
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of the injections, even ivhen given at a rate of 2 to 3 cc per minute Spoon feedmg 
achieved 100 per cent consumptions of the oral diet Period 16 was of only 1 day’s 
duration but the data in the table are adjusted to a basis of 2 days 

Burmg penod 17, kepanntzed dog plasma was given by vein in 2 injections daily, 
totahng 5 08 gm nitrogen The oral iet had to be entirely spoon fed 

TABLE 5 


Casein Digest L Utilized by Normal Dogs 




Total 

N 

lat^e 

Dog 35-316 — Drme 

Dog 35-307 — TJrine 

Penod 
2 days 

Diet 

Total 

N 

Urea -f* NHj 
N 

Unde 

ter 

turned 

N 

Total 

N 

Urea + NHj 
N 

Unde- 

tcr- 

mioed 

N 



gm 

gm 

gm 

per 

cent 

gm 

gm 

gm 

per 

cent 

gm 

1 

Fastmg 

0 

9 49 

8 12 

85 6 

1 37 

6 8C 

5 91 

86 f 

0 89 

2 

Low protein 

0 16 

4 79 

3 44 

71 8 

1 35 

4 82 

3 67 

76 1 

1 IS 

3 

Low protein 

0 16 

3 37 

2 SO 

74 1 

0 87 

4 63 

3 SO 

75 £ 

1 13 

4 

Low protem + digest L* 

3 90 

5 85 

3 63 

62 2 

2 22 

6 62 

4 47 

67 7 

2 25 

5 

Low protem -f digest L 

3 90 

5 52 

■c«l 

■arMi 

1 82 

8 50 

6 42 

72 9 

2 08 

6 

Low protein -h digest L 

5 16 

5 S7 

3 S3 

60 2 

2 34 

8 97 

5 92 

66 0 

3 05 

7 

Low protein -t- digest L 

5 16 

6 30 

3 98 

63 1 

2 32 

7 28 

4 82 

66 2 

2 36 

8 

Low protein -1- digest L -t- 

5 33 

6 04 

3 86 

63 9 

2 18 


4 41 

62 4 

2 66 

9 

tryptophane 

5 33 


4 14 

62 7 

2 46 

7 01 

4 35 

62 0 

2 66 


Low protem -f- digest L -h 

S 51 


4 54 

64 9 

2 46 

6 14 

3 71 

60 5 

2 43 


cysteine -f- tryptophane 

S 51 

5 92 

3 54 

59 8 

2 38 

6 27 

3 81 

60 8 

2 46 


Low protem -h digest L -t- 

5 51 

3 40 

2 24 

65 9 

1 16 

3 40 

2 27 

66 7 

1 13 

H 

cystine -p tryptophane 

5 51 

3 96 

2 76 

69 7 

1 20 

3 58 

2 42 

67 5 

1 16 

14 

Low protem -p digest X -p 

5 51 

6 60 

4 22 

64 0 

2 38 

6 56 

4 17 

63 7 

2 39 

IS 

cysteine -p tryptophane 

5 51 

5 00 

3 03 

60 5 

1 97 

6 00 

3 84 

64 0 

2 16 

16 

Low protem 

0 16 

2 48 

1 54 

61 8 

0 96 

3 16 

2 04 

64 6 

1 12 

17 

Low protem -p plasma protein 

5 22 

2 45 

1 54 

62 9 

0 92 

3 46 

2 SO 

72 2 

0 96 


* Items m italics given intravenously 


Weight varied httle after the start of the expenment 9 8 kg m penod 5, 9 6 kg in 
penod 13, 9 8 kg in penod 17 This dog was the subject of later expenments. Tables 
2 and 2-a 


Experimental History —Dog 39-307 (Table 5) An adult female, mongrel, long haired 
temer was fed the same diet and given the digest and ammo aad mixtures m the same 
amounts and m the same fashion on the same days as dog 39-316 Smce the oral diet 
was eaten only 10 to 30 per cent dunng penods 2 to 4, it had to be spoon fed for complete 
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consumption dimng the remainder of the experiment In the course of the first casein 
digest L mjection, there was some restlessness, weakness of pulse, and vomiting Some 
mucus was vomited foUowmg the mjection of protein digest X, period 14 Small 
amounts of the low protem diet were vomited foUowmg spoon feedmgs on 3 occasions, 
penods 14 16 and 17 The amount of dog plasma given m period 17 was practically the 
same as that given dog 39 316 (S 04 gm nitrogen) Weight varied httle after the start 
of the experiment lO kg m penod 6 and 11 1 m period 17 

In Table S, both digests (casern L and protein X) were tested m 2 normal 
dogs not subjected to plasmapheresis Casern digest L was well utilized by- 
mouth, penods 12 and 13 It was utilized by vem but not as well as is 
demonstrated above in the plasma depleted dogs For example, in dog 
39-316, for 16 days durmg digest mjection (penods 4 through 11) the mtro 
gen mtake was 39 8 gm , and the mtrogen output (assummg fecal mtrogen 
of 0 S gm per penod) was S3 1 gm This negative balance of 13 3 gm or 
5 8 gm per 7-day penod may be compared with negative balances obtamed 
m this dog when no digest was bemg given For penod 2, Table 2 o, the 
negative balance was 10 0 gm jper 7 day period It would appear that some 
of the mtrogen of the mtravenous digest had been retamed Cysteme and 
tryptophane obviously do not improve this retention The protem digest X 
IS similarly meffective (penods 14 and 15) The slower rate of mjection in 
penod IS (see Experimental History) did not unprove nitrogen retention 
This difference m the digest nitrogen retention of plasma depleted dogs as 
compared with that of non depleted dogs is bemg mvestigated 

Inlravenmis plasma protetn again proves its nutritional value (penod 17) 
Its mtrogen is completely retamed m both dogs The response to both 
digests IS the same m dog 39-307 as m dog 39-316, except that dog 39-307 
may not have been entirely normal durmg the early part of the experiment 
(see Experimental History, dog 39-307) If some mtoxication existed, 
it seems proper to refer it to the factors responsible for the poor food con- 
sumption poor to digest mjections and to the higher concentration of digest 
used, unfiltered and unsterile, not the water clear solution of the S per cent 
concentration 


DISCUSSION 

Perhaps it is not for us to debate chmcal problems but we may mildly 
suggest that the experiments designed to study plasma protem production 
do have a bearmg on the many sided problem of shock as well as clmical 
hypoproleinemta If the body can be aided m producmg new plasma pro 
terns this procedure may be as valuable as the admmistration of plasma by 
vem Plasma protem by vem is most effective to correct emergency hypo 
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protemenua and to furnish protein to depleted or injured body cells But 
casein digests by vein or subcutaneously are as effective as protem by mouth 
m buildmg new plasma protein and when protem cannot be eaten the digest 
can wholly replace food protem for many weeks It may be that casein 
digests can be used with profit to supplement plasma injections or even to 
replace the intravenous plasma when the acute emergency is passed The 
advantages of the casein digest for clmical use scarcely need mention It 
IS non-toxic and can be stored in concentrated form It is mexpensive and 
obtamable m unlimited amounts and can be readily sterilized 

SUMMARY 

When blood plasma protems are depleted by bleedmg with return of the 
washed red cells (plasmapheresis) it is possible to bring dogs to a steady state 
of hypoprotememia and a uniform plasma protem production on a basal 
diet limi ted m protem Such dogs are clinically normal but have a lowered 
resistance to infection and certain intoxications 

Casern digests given by vem or subcutaneously to such plasma depleted 
dogs are effective m promoting abundant new plasma protem production 
Casein digest L by vem is equivalent to whole liver of like protem equiva- 
lence by mouth The ratio of new plasma protein production to protem 
intake is 20 to 25 per cent in both mstances 
Casern digest L by vem gives the same response m plasma protem output 
as the same digest by mouth Protem digest X by vem requires addition 
of tryptophane and cysteme to be effective m plasma protem production 
The added cysteme sulfur is more than 95 per cent retamed by the dog 
The speed of digest mjection has no effect on its utihzation, within the 
range tested 

Casern digest L given by vem to non-depleted dogs is less well utilized 
than m dogs depleted of plasma protem 
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A SIMPLIFIED PERFUSION APPARATUS FOR THE 
MAINTENANCE OF LIVING ORGANS IN VITRO 


By CARLOS GALLI MA3NINI,* M D 
{From the Thyrtnd Qiitv: Massachusetts General UospUal, Boston) 

Plate 34 

(Received for publication, September 11, 1940) 

In this paper an apparatus will be descnbed for the perfusion of organs 
It fulfills the necessary requirements for this type of experiment and can be 
so easily constructed and regulated as to function with a maximum of ease 

The apparatus has the original characteristics of producing constant 
pulsatile arculation without resort to valves either m its arcuit or m its 
pump It has, in addition, a double sjrstem of oxygenation 

Description of iJte Apparatus 

The Perfusion System — ^The perfusion system (Text fig 1 semi schematic, Text 
fig 2, as set up) consists of a pnnapal chamber (/I) (a broad dish supported on a tnpod) 
to house the organ — into which is inserted a glass cannula with a fine opening (4) — 
and two small glass chambers placed on a lower level, one an mtermediatc chamber (5) 
and the other a pressure chamber (C) communicating with the pnncipal one The first 
oi these chambers is joined directly to A by means oi a narrow tube (J) through the floor 
(3) , and the second by means of a tube (2) coming from the middle of the chamber and 
connectmg with the cannula (4) The two small chambers communicate ito the pump 
P) 

The organ chamber (^4) possesses a tube (5) which connects with the oxygenation sys 
tern A glass plate (£), the edges of which are covered with a thin film of oil, hermetic 
ally seals the container (^) and is held m position by means of a steel wire damp {e,e') 

The mtermediate chamber (B), as well as its connections (/) with the organ chamber 
and the pump to be descnbed further on, has jomed to it a funnel (F) by a tube (<5) 
which opens mto the upper part of the chamber A stopcock (7) enables the communica 
tion between the funnel (F) and the chamber (B) to be opened and dosed 

To absorb the COj coming aivay from the perfused organ, an open ended glass tube 
contammg calaum hydrate (8) projects into chamber B The lower end of the tube is 

• Research Fellow Harvard Medical School and Massachusetts General Hospital, 
Boston Massachusetts Formerly from Ramos Mejia Hospital Buenos Aires Ar 
gentma 
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and Dr C K Drinker for their useful advice in the construction of the apparatus 
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closed with a rubber stopper, and the same rubber stopper fits into and seals the opening 
through which the glass tube has been introduced mto the chamber 

Filtration of the perfusate, as it leaves chamber B, is accomphshed by means of a 
layer of sand supported on a layer of cotton gauze to prevent it from falhng into the tube 
connecting chamber B with the pump 



The pressure chamber (C), of cyhndncal form, has in addition to the tubes that con- 
nect It with the pump (I>) and the organ chamber (A), a. bifurcated tube (9) m its upper 
part, one branch of which (10) is connected with a manometer {10') and the other (11) 
wnth another filter {25, 25') A stopcock {12) permits the estabhshment or interruption 
of these communications A tube {13), almost capillary in type, leaves the top of the 
chamber (C) and enters it agam from the bottom This tube is used to measure the 
quantity of o-rygen consumed by the organ A graduated scale in its wall facilitates 
measurement of the pressure Its function 'viill be explained later 

The essential part of the apparatus is the pump {D) which is a piece of ordinary rubber 
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tubing (14) placed on the floor of the box which contains the apparatus It is hors shoe 
shaped (t e an incomplete circle) and the ends (h 16) are connected with the inter 
mediate (B) and pressure (C) chambers respects elv 



Text Fig 2 The perfusion apparatus in actual operation 


A solid brass, wheel (17) rotates on the horseshoe shaped rubber tubing compressing 
the rubber during its revolutions fhe fluid contained w ithin the tubing is forced ahead 
of it into the pre*ssurc chamber (C) and at the same time the fluid in the intermediate 
chamber (5) is subjected to the resulting negatn e pressure thus pro\nding for a return of 
fluid like the \ enous return in an animTl s circulation 
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The \\heel {17) is mounted on a short honzontal axle {IS) supported a long vertical 
axle {10) \\hich is connected to the motor {H) bx means of a belt (/) The horizontal 
axle {18) IS fixed to the vertical {19) bj means of a screw w hich facilitates the removal of 
the wheel when it is necessarx to take out the pump The long vertical axle {19) can be 
moved up and down, thus changing the pressure of the wheel on the rubber tubing, which 
in turn allows wide variation of the pressure of the fluid A lever {20), fixed in place at 
one end {21) and attached at the other end {22) to the axle {19) tends to exert an up 
xxard pressure on the axle through the action of a spring {2S) \ nut {24) fixes the lever, 

and hence the axle {19), in the desired position for the production of any given pressure 
The motor driving the wheel is regulated bv a rheostat The maximum speed is 200 
revolutions per minute The two stopcocks {b and c) are used when it is necessary to 
change the pump Bv closing these it is possible to remove the pump and replace it bv a 
nexx one 

System oj Oxygenation — This consists of a spirometer (G) placed inside the box which 
contains the remainder of the apparatus and connected xvith the latter b> means of a 
rubber tubing (27) The gas mixture flows through the filters (25 and 25'), through the 
branches {o and 11) into the organ chamber {A) and pressure chamber (C) The gas 
mixture is under slight pressure from the xx eight of the bell of the spirometer 

Temperature —A nearly constant temperature is maintained in the box containing the 
apparatus since it has double walls of monel metal with insulation of asbestos betxveen 
The side xxalls and floor are fixed m relation to the other panels, xxhich are movable, and 
they slide into the permanent part of the box bv means of groox es The axle {19) of the 
pump passes through the center of the floor of the box Describing a rectangle around 
this center are four nails to fix the pump The thermometer is introduced through an 
opening in the top wall An opening {28') m the side panel is provided to alloxv a steam- 
conducting tube to enter the box for use during sterilization of the apparatus in situ 
The front panel contains an opening into xxhich either a piece of double glass or an in- 
sulated panel may be inserted the former to view the apparatus m motion and the latter 
to close it for sterilization Txxo electrical heating elements {26 and 26') are connected 
to a rheostat and provide a temperature range from the running temperature to one of 
150°C for stenhzing purposes 

Fnnetton — The fluid is driven through the organ by the impulse given to it bv the 
pump The fluid is forced from the pump {D) to the pressure chamber (C) xxhere it is 
oxxgenated under pressure It leaves the chamber (C) through the tube (2), goes into 
the organ chamber (1), and through the cannula {4) (previouslx attached to the end 
of the tube (j)) perfuses the organ During the course of the perfusion from the pump 
to the organ, the pressure of the fluid may be so regulated that it possesses sxstolic and 
diastolic X'ariations approximating those xxhich obtain in the arteries of the organ The 
fluid kaxLS the organ freelx under no pressure In the organ chamber {A) it is again 
in contact with the gas mixture The floor of the chamber is somewhat inclined, so the 
fluid flows into the tube {!) through xxhich it is aspirated toward the intermediate cham- 
ber (B) bx the negatix e pressure created b> the pump {£>) (The inclination of the floor 
of the chamber is not shown in Text-fig 1, because the schema is a cross section at right 
angles to the plane of inclination ) In the intermediate chamber (B) it flows down the 
walls in a thin sheet and accumulates at the bottom before returning to the pump The 
reduced pressure existing in this chamber facilitates the passage of the CO 2 contained m 
the fluid into the atmosphere of the chamber where it is absorbed bx the calcium hxdrate 
contained in the tube {8) 
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Fulsaltons — ^Text fig 3 shows the horseshoe shaped rubber tubing (double line) and 
the course (broken line) on which the brass wheel travels The wheel compresses the 
tubing as it passes and pushes the fluid ahead of it. Thus a certain pressure is imparted 
to the fluid, which, however, is partially lost when the segment 5 ^ is reached In this 
fashion a pulsatile flow is achieved The number of pulsations per mmute depends on the 
rapidity of revolution of the wheel which can be regulated by the rheostat controUing the 
motor With this system, it is possible to obtam pulsations without any valves 

Systolic or Maximum Pressure — The systohc pressure is regulated (see Text fig 1) by 
means of a screw (24) on the lever (20) whudi raises or lowers the vertical axle (19) so 
that the wheel (17) produces the desired pressure on the rubber tubmg and therefore 
determmes the effiaency of the action of the pump If the axle (19) is elevated the pres- 
sure will drop The reverse is true if the axle is lowered 

Diastolic Pressure — ^The diastohc pressure is produced by the drop of pressure that 
takes place when the wheel runs its negati\e course from A to B, Text fig 3 Its regu 
lation takes place m the pressure chamber (C) If the communication of the pressure 



Text Fig 3 Diagram indicatmg the pnnaple of the pump 

chamber with the gas mixture tank is interrupted by use of the cock (12), the chamber 
will have only bne communication with the exterior (Text fig 4, o) and that is via the tube 
(2) whiclf goes to the organ chamber When the pump begins to force the fluid mto the 
organ chamber (C) the level rises until the tube s openmg is covered (Text fig 4 6) 
At this point the gas mixture begms to be compressed because the amount of fluid forced 
m by the pump is more than the amount that goes out via the narrow cannula (4) The 
pressure rises the fluid goes up into the tube (2) and perfuses the organ When the 
maximum desired pressure is reached (Text fig 4 c) (see regulation of maximum s> stohe 
pressure) two different media are found m the pressure chamber one incompressible 
(fluid), that will transmit without vanation all the differences produced by the pump, 
and the other, compressible (gas), which will tend to absorb the variations and to trans- 
form the pulsatmg circulation mto a continuous one contractmg with any nse and ex 
pandmg with an> dimmution of the wlume of liquid Consequently the effiaency of 
this “shock absorber depends on its volume If the amount of gas is reduced the effi 
aency will dimmish and the difference in pressure will not be absorbed The reverse will 
take place if the volume of the gas mixture rises Then, to increase the differential pres- 
sure the cock (12) is opened, thus allowing the gas to go from the chamber (C) to the 
tank (G) (Text fig 1) 
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To decrease the differential pressure the following procedure is carried out The 
pump is stopped, the wheel is put m the negative path, and the cock {12) is opened 
The fluid wfll then move only by a difference of level from the pressure chamber to the 
intermediate chamber, and at the same time the gas wiU go from the tank (G) into the 
pressure chamber (C) When the flmd reaches the desired level the cock (12) is turned 
off and the pump is put to work again Dunng all these operations care must be taken 
that the level of the fluid does not fall below the upper edge of the opening of the tube 
(2), because if the gas penetrates into the tube it will produce an embolism in the organ 
With this system we have been able to obtain differences in pressure between the mmi- 
mum of 2 mm and the ma\imum of 80 mm of mercury 



Text-Fig 4, a, b, and c Diagram mdicatmg regulation of differential pressure m 
chamber (C) 


Oxygenation — Mixture of gases takes place in the tank (G), and from there it passes 
through the filters (25 and 25') to the organ chamber (A) and the pressure chamber (C) 
In the organ chamber (A) the gas pressure wall be the same as m the tank, in thS pressure 
chamber (B) it will be m equilibrium with the perfusion fluid The efliaency of the 
oxygenation in this chamber is due in part to the existmg pressure and in part to the time 
that the fluid, in contmuous movement, remains in contact with the gas mixture 
Absorption of Carbon Dioxide — ^The carbon dioxide is taken up by the calcium hy- 
droxide in the tube (S) of the intermediate chamber (B) It passes from the fluid, in 
which it IS dissolved, to the air of the chamber because of the negative pressure produced 
by the aspirations of the pump In order to maintam this negative pressure, the inter- 
mediate chamber (B) is necessarily separated from the organ chamber (A) because the 
latter contains gas at 2 or 3 mm pressure (the same as m the tank) For this reason the 
tube (1) IS almost capiUary The fluid, continuous!} streammg through this constnction, 
separates the atmosphere of the two chambers and permits the maintenance of a negative 
pressure in the intermediate chamber at the same time that a positive pressure exists in 
the organ chamber 
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Temperaiurc — Heat is produced by the electrical elements {26 and 26') It is regu 
lated b> a rheostat, maintamed by the characteristics of the box and registered by a 
thermometer 

Evaporation — Evaporation must necessarily be avoided to prevent change m con 
centration of the fluid For this reason the box must ha\e a constant temperature 
throughout, which will prevent condensation of moisture on the glass walls that would 
occur if one portion were slightly colder than the rest 

Measurement of Oxygen Consumpitott — ^The oxygen consumed can be measured in the 
foUowmg way The oxygen m the pressure chamber (C) dunng function of the apparatus 
IS constantly bemg utilized by the organ and transformed into carbon dioxide Dunng 
its oinsumption the volume of the oxygen m the pressure chamber {€) maintained at the 
same pressure and temperature, will dimmish Hence the level of the fluid will rise 
Reading the difference between the levels in the tube (/3) m a given time it is possible to 
calculate the volume of the oxygen consumed in the chamber and to relate it to the nor 
mal pressure and temperature of the atmosphere 

Cleaning and Slerili tng — By disconnecting the rubber tubmg (27) which joins the 
apparatus to the tank (G) and by removmg the short axle (J2) from the long axle (ip) 
the entire apparatus can be separated from the box containing it and can be cleaned 
under running water (after the cover (£) of the organ chamber (A) has been removed) 
One of the ends (JS or J6) of the rubber tubing of the pump must be disconnected to 
permit the water to pass from the organ chamber through the whole system and out 
through the disconnected end. After 2 hours under running water the apparatus should 
be washed once more, this time m distilled water and the pump connected again The 
apparatus is then put m the box and the box closed The temperature is raised to 150^0 
by means of the electncal heating elements At the same tune the atmosphere of the box 
and of the apparatus is saturated by means of a steam producer (2S) for 4 hours (No 
nse m pressure is produced in the box because it is not completely air tight ) After this 
procedure one can be sure that the apparatus is sterilized One should remember that 
the atmosphere must be completely saturated with steam not onl> to insure sterilization 
but to prevent detenoration of the rubber 

To dry the apparatus the production of steam and the heat from the dements is 
stopped and the pump put in motion Because the pump, on producing a movement of 
air expels the steam the top panel of the box should be sbghtly opened and the residual 
heat will dry the apparatus Dunng all the processes of sterilization and diymg the 
top (E) of the organ chamber (A) should be sbghtly raised to allow free passage of steam 
When the apparatus is dry the cover of the organ chamber should be closed and the box 
sealed It should remain so until it is to be used It is important to wash and dry the 
apparatus as indicated ui order to remove all small partides that might cause embolism 
of the small artenes or capiUanes of the organ 

Bow io Operate the Apparatus 

The technique of operation on the animal (with slight modification), the 
perfusion fluid, and the gas mixture used are the same as those advised by 
Carrel m his expenments To make the apparatus function properly, 
these steps should be followed 
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the artery, a nng of rubber tubing is placed in the middle of the cannula and the two ends 
of the silk used to tie the vessel to the cannula are fixed in place by inserting them into 
two cuts made in the nng of rubber (Text-figs 5, 6, and 7) The cannula (4) is inserted 
mto tube (3) by means of another rubber nng 

Cmslrudton of the Pump — The rubber tubing which constitutes part of the pump 
requires for perfect function a fixed position on the floor of the box so that the wheel can 
turn and operate efiiciently on it The rubber tubing is glued between two rubber 
patches of rectangular shape For this purpose common rubber tire-repair patches 
are used Two rectangular pieces are cut out and the rubber tubing, well covered with 
rubber cement, is attached in a horseshoe shape of proper diameter (Text-fig 8) to one 
of the patches The second patch is cemented on top (Text-fig 9) and the rubber tubmg 
which IS an integral part of the pump is thus fastened in place The whole is placed under 
a weight until dry Then a hole is made in the center of the horseshoe through which 
the long vertical axle passes (Text-figs 10 and 11) and the edges of the hole are sewed 
together The rubber rectangles are fixed by their comers to the floor of the box by 
means of nails (Text-fig 11) The ends of the rubber tubing are connected with the 



8 9 10 II 

Text-Figs 8,9, 10, and 11 Schema showmg the construction of the pump 


corresponding chambers As previously stated, a pump of this sort will last for 4 days 
of contmuous operation, after which it has to be replaced 

Two details should be remembered Fuat, the rubber tubing must be thoroughly 
washed and boiled in alkahne water, and last of all, a small piece of rubber tubing should 
be attached m the negative transverse to avoid jumpmg of the wheel (Text-fig 9) 

Figs 2, 4, and 6 show sections of two lobes of a thyroid and a suprarenal 
which were perfused for 3 days at the same time in the apparatus There 
were no perceptible histological changes on comparison with control speci- 
mens of the organs fixed when freshly taken (Figs 1, 3, and 5) 

SUMMARY 

A sim plified perfusion apparatus for the maintenance of livmg organs 
^n miro is described 
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APPE2«)IX 

Below we give dimensions of some parts of the apparatus, dimensions of other parts 
which need not have such defimte sizes have been omitted 


Organ chamber 

20 cm 

diameter 

6 cm 

height 

Intermediate chamber 

6 “ 

« 

7 “ 

(( 

Pressure chamber 

6 


7 “ 

ft 

Tubes (/) and (2) 

5 “ 

(1 



Tubes (6) and (c) 

3 




Circle of rubber tubmg 

2§ " 

n 



^Vheel 

3 ‘ 


U “ 

Width 

Glass tube inside diameter 

4 mm 




Cannula length 

7 cm 





Rubber tubmg used for pump, inside diameter, 3 mm , width of wall, 1 mm 
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EXPLANATION OF PLATE 34 

The sections were stained with hematoxylin and eosin x 125, 

Fig 1 Thyroid control 

Fig 2 Thyroid perfused 

Fig 3 Thyroid control 

Fig 4 Thyroid perfused 

Fig 5 Suprarenal control 

Fig 6 Suprarenal perfused 
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The existence of non paralytic or abortive poliomyelitis, although sus 
pected, has not previously been estabhshed m monkeys either by histologic 
exammation or by isolation of the virus on passage In human beings the 
term “abortive pohomyehtis” has been apphed to cases of mmor illness, 
exhibitmg usually headache, fever, vomitmg, and sore throat, but not signs 
of mvolvement of the central nervous system, occumng m famihes or groups 
in which paralytic poliomyelitis was present The isolation of pohomyelitis 
virus from the oral washings of two such cases by Paul and Trask (1) and 
the more recent demonstrations of virus m the stools of such patients 
(2“S) estabhshed on a firm basis what had long been suspected on climcal 
and epidemiological grounds The terra “non paralytic pohomyehtis” has 
been used m human bemgs to designate cases which, m addition to the 
symptoms hsted above, exhibit stiffness of the neck and back, pleocytosis, 
tremor, and other signs and symptoms of preparalytic pohomyehtis but 
never develop paralysis Agam the demonstration of virus m the stools 
of such patients m recent years (2-5) has provided proof of the true 
pohomyeh tic nature of the non paralytic disease Although it is commonly 
stated that the central nervous system is affected m the non paralytic but 
not m the abortive form of human pohomyehtis, httle or nothing is known 
of the actual nature or extent of mvolvement of the central nervous system 
m either form of the disease 

Non patal 3 ^ic or abortive forms of eipenmental poliomyelitis have been recorded 
but rarely and then on equivocal grounds Harmon, Shaughnessy, and Gordon (6), 
using fever, pleocytosis of more than 150 cells per c. mm , increase in cerebrospinal fluid 
globuhn, neutrophilic leucocytosis in the penpheral blood, and the usual preparalytic 
signs (exatabilit> or apathy, tremors weakness, etc ) without development of paralysis 

• Aided by a grant from the National Foundation for Infantile Paralysis Inc 
7S7 
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as critena, observed what they considered to be the abortive form in 10 out of 555 inocu- 
lations in 350 monkeys They used monkey passage virus and the 10 animals were for 
the most part inoculated intracerebrally with serum-virus mixtures No histological 
examination of the nervous svstem is recorded, but 5 of 9 monkeys tested for immunity 
succumbed with typical paralysis on subsequent inoculation of virus A recent report 
by Khng (7) stated that rhesus and cynomolgus monkeys inoculated with human matenal 
(or dnnking water) exhibited “mild paralytic” or “abortive” forms of poliomyelitis in 
which no neuronal lesions were present but only cellular infiltration of the vessels, usually 
those of the meninges or choroid plexus This report did not give adequate evidence 
that those lesions were caused by pohomyelitis virus or any other virus, and will be 
discussed later on in the hght of our own findings 

In the beginning of a study on the distribution and ehnunation of virus 
m human pohomyelitis it was observed that of 2 monkeys inoculated with 
the same specimen of stool by different methods, 1 developed typical para- 
Ijdic pohomyelitis while the other exhibited only some transitory fever and 
questionable tremors When the latter monkey was sacnficed 30 days 
after moculation, typical pohomyelitis lesions, no longer acute m character, 
were discovered throughout the neuraxis In subsequent studies 287 in- 
oculated monkeys which faded to develop paralysis, were sacrificed at the 
end of 30 to 37 days and their nervous system was subnutted to histological 
exammation The purpose of this communication is to present evidence 
that non-paralytic pohomyehtis occurs m monkeys moculated with human 
material and to pomt out {a) that it is almost mvariably associated with the 
destruction of an appreciable number of nerve cells m the spinal cord, 
(6) that its fadure to progress to distmct paralysis depends upon an equi- 
hbrium between the virus and the host, m which the virus is not always 
rapidly destroyed smce it can occeisionally be passaged to other monkeys, 
and (c) that transitory paralysis depends upon a simdar equdibrium, m 
which, however, it is not clear whether a certam number of cells attacked by 
the virus recover or whether the remammg nerve cells become suffiaent for 
apparently normal function 


Methods 

All moculated monkeys were observed daily, or oftener if they exhibited suspicious 
signs of any kind Their rectal temperature was taken daily for 30 to 35 days and they 
w ere exercised m sufficiently large enclosures to permit observation of abnormal running 
or chmbing Special care was taken to test for deltoid and facial paralysis WTien the 
monkeys were sacnficed, usually 35 da>s after inoculation, their viscera were examined 
for gross pathological changes, especially for those of a tuberculous nature, and it is 
pertinent to state that onlv 2 of 400 monkeys exhibited gross evidence of tuberculosis 
The entire brain and cord were examined macroscopically and six levels of the spinal 
cord and one of the medulla m the region of the olivary bodies were studied micro- 
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scopically as routine Three lumbar one thoracic, and tVrO cervical levels of the spinal 
cord were usually obtained, care being taken to include the roots, in which the most 
striking evidence of previous neuronal destruction is often to be found In addition 
one or two regions of the diencephalon just caudal to the optic cbiasma were also 
studied m many instances and the olfactorj bulbs and frequently the anterior perforated 
substance were included whenever a monkey had received nasal instillations Tissues 
for histological stud> were fixed in the Zenker acetic mixture and as a rule stained with 
eosm and methylene blue Part of the spinal cord and medulla of each monkey were 
stored m SO per cent buffered glycerol at approximately 5®C , to permit passage to other 
monkeys whene\ er it w as deemed necessary or desirable 

RESULTS 

The diagnosis of non paralytic poUomyehtis was made in 16 mstances 
Among 157 monkeys, which failed to develop paralysis foUowmg mocula- 
tion with vanous human tissues or with first passage virus, there were 14 
with non paralytic pohomyehtis, 11 of these were inoculated with human 
tissues and 3 with the nervous tissue of monkeys paralyzed by human virus 
Only 1 case of non paralytic pohomyehtis was found among 23 presumably 
negative monkeys which had received nasal mstiUations of untreated stools 
(8) or mtraabdommal mjections of etherized stool suspensions (5), or both 
The remaining case of non paralytic pohomyehtis was found m 1 of 3 mon 
keys which apparently failed to react when passage of virus obtained from 
human stools was attempted m them Among 54 non reacting monkeys, 
moculated with nasal seaetions, saliva, or urine from pohomyelitis patients, 
and 44 “negative” monkeys, which received vanous tissues of other monkeys 
inoculated with M V virus, none exhibited the lesions which warranted 
the diagnosis of non paralytic pohomyehtis 

Cltntcal Course of Monkeys wth Noti Paralytic Pohomyehtis — ^The temperatures and 
clinical observations recorded in Chart 1 reveal a variety of responses which are so atypi 
cal that in the majonty of instances it would not ha\e been possible to predict what the 
histological study revealed The temperatures were sometimes distinctl> elevated for a 
number of days but usually were quite irregular an occasional monkey was exated, 
tremulous clumsy, or questionably weak (or a few days while many others appeared 
entirely normak In the beginning many cell counts were done on the cerebrospinal 
fluid obtamed by asternal puncture but this procedure was abandoned later on because 
It could not be rehed upon for diagnosis We have even encountered as many as 500 
mononuclear white cells per c mm of cerebrospinal fluid in a monkey which on histo- 
logical examination exhibited no pohomyehtis lesions, and whose nervous tissue uF>on 
inoculation into mice did not yield the virus of lymphocytic chonomeningitis or an> other 
infectious agent A comparison between the temperatures and clinical course of a 
number of monkeys which were histologically negative (Chart 2) with those of monkeys 
in which the lesions of pohomyehtis were present, reveals that on the basis of clinical 
observations alone it is usuall> not possible to make the diagnosis of non paralytic 
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poliomyebtis m monkeys The irregular temperature curves appeared to be correlated 
more with activity and climatic conditions than with anything else we could discover, 
since these monkeys were singularly free from tuberculosis and other organic diseases 
with the exception of the common benign esophagostomum mfections of the gut and 
mild parasitic infestations of the lung When a monkey acadentally sustained a fracture 



Chart 2 Monkeys with no histological evidence of pohomyehtis, but with tem 
peratures or clinical course resembhng those of non paralytic group 

of a lower extremity or was continually kept m its cage even when its temperature was 
taken, remarkably flat temperature curves could be obtained 

Cnleria for Palhologtcal Diagnosis of Non Paralytic PolumycUlis and RestiUs of 
Passage — Monkey 5-6 (Chart 1) was the first one to be examined and the changes m 
Its nervous system indicated the extent and character of the lesions that might be found 
in a non paralytic ammal The lesions were no longer acute m character in the sense 
that no aadophihc necrosis of nerve cells was present, and that there were practically no 
polymorphonuclear leucocytes in the foci of neuronophagia or among the cells infiltrating 
the interstitial tissue Howev er this particular case was still sufficiently early to show 
more extensive infiltration and neuronal change than were found in monkeys which had 
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apparently lived for a longer interval after the acute phase Monkey 5-6 which had 
been inoculated only by the nasal route and which was sacrificed probably about 10 days 
after the acute phase (judging from the number of days with entirely normal temperature 
and physical condition) exhibited the following changes (1) one of the olfactory bulbs 
was normal while the other presented marked infiltration with mononuclear cells es- 
pecially in the glomerular layer, (2) there was a unilateral lesion in the anterior perforated 
substance with focal neuronophagia (t e ghal nodules) and penvascular cuffing, (3) 
similar foci of neuronophagia and penvascular cuffing were also present in the hypo- 
thalamus, thalamus, mesencephalon (red nucleus), medulla, and in one anterior horn of 
the cervical cord, (4) the most extensive lesions, however, were present in the anterior and 
lateral horns of the sections of lumbar cord (Figs 1 and 2) which exhibited marked 
perivascular cuffing, disappearance of an appreciable number of nerve cells in the antenor 
and lateral horns with considerable focal and diffuse cellular infiltration in the areas of 
outfall of cells, and a large number of degenerated anterior horn cells with marginated 
Nissl substance and eccentnc nuclei The nerve roots showed only minimal signs of 
degeneration at this stage 

In another instance m which the monkey (7-6, Chart 1) was sacrificed relatively 
early, one could find almost complete destruction of most of one anterior horn of the 
cervical cord (Fig 3) with extensive interstitial infiltration and marked penvascular 
cuflmg, an area of necrosis and neuronophagia was present in one lateral horn of the 
thoracic section and focal neuronophagia and penvascular cuffing in the medulla, in the 
lumbar sections the nerve cells appeared to be well preserved and only marked peri- 
vascular cuffing of vessels in the gray matter was present In the few monkeys sacnficed 
at this early stage the reaction of degeneration in the nerve roots was still not far enough 
advanced to be conspicuous In practically all the monkeys sacnficed beyond 30 days, 
however, wherever there was any suggestion of outfall of cells one could find reliable 
confirmatory evidence in the degenerative reaction which was present only in the cor- 
respondmg nerve roots Thus, in Fig 4, one can see a section of the cervical cord of 
monkey 1-10 in which the nerve cells of the lateral half of one anterior horn have been 
destroyed with degeneration in the antenor roots of the same side, but not in those of 
the opposite side where all the nerve cells in the anterior horn may be seen to be intact 
It IS interesting to note that in the same monkey no lesions were found in another level 
of the cervical cord, thoracic cord, or medulla, while in three levels of the lumbar cord 
only two small foci of interstitial infiltration and some penvascular cuffing were present 
The changes shown in Figs 3 and 4 are especially conspicuous even at low magnification 
because in addition to the disappearance of nerve cells there has been destruction or 
distortion of the ground substance by the inflammatory reaction In Fig 5 is shown 
a cord (monkey 1-46) m which the gray ground substance of the affected antenor horn 
appears well preserved and there is relatively little interstitial infiltration, but that a 
large number of the antenor horn cells is missing is obvious not only by comparison with 
the antenor horn of the opposite side but also by the degenerative reaction in the an- 
tenor roots of the corresponding side In the eosin-methylene blue stained sections 
the degenerative root changes are recognized chiefly by the extensive prohferation of the 
neunlemmal nuclei, the numerous clear areas indicative of the loss of axis cylinders and 
myehn sheaths, and often bj the presence of fat-laden mononuclear phagocytes I\Tien 
monkej’s are sacrificed dunng the first few days after nerve cell destruction has occurred, 
none of these changes are seen in the preparations of the nerve roots fixed and stained 
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m this manner It is only later, when the axis cylinders and myelin sheaths of the 
correspondmg, destroyed neurons have finally degenerated and the sheaths of Schwann 
and the phagocytic cells have responded, that the picture desenbed abo\ e is most easily 
recognized (see Figs 6, 7 and 8) The condition of the nerve roots is thus not only an 
important index to the loss of nerve cells but also to the chromcity of the lesion, m 
dicating that the process has taken place a considerable time before the monkeys were 
sacrificed and that wc were not dealing with animals that had very Jongmcubation penods 
and would have developed paral 3 ^is if they had been allowed to hve longer When 
the loss of nerve cells is massive as shown m Figs 3, 4, and 5 one does not need to be 
convmced of it by finding the degenerative reaction in the corresponding nerve roots 
There are many instances, howev er, where the number of neurons affected is much smaller 
and one cannot be certain that there has been a loss of nerve cells without findmg the 
degenerative reaction m the corresponding roots 

These pathological changes in the spmal cord, vaiymg in degree and 
extent, were present in all the cases in which a diagnosis of non paralytic 
pohomyelitis was made on histological grounds alone These changes 
were sometimes limited to one level of the cord but more often they could 
be found at several levels, mcludmg the lumbar, thoraac, and cervical 
regions In addition to the lesions m the spmal cord there were frequently 
perivascular cuffing and mterstitial and focal ghal infiltration m the sub 
stance of the medulla, hypothalamus, and thalamus The reverse, however, 
was rare and a histological diagnosis of non paralytic pohomyehtis was not 
considered to be warranted without evidence of neuronal lesions m the 
spmal cord There was one exception to this rule, m which pohomyehtis 
virus was, nevertheless, isolated on passage It is well known that m typical 
paralytic pohomyehtis m monkeys the virus is most readily isolated durmg 
the first few days after the onset of paralysis, and that after a penod of 2 
weeks the virus is only rarely found even m animals mfected with monkey 
adapted virus It was, therefore, not expected that m these monkeys 
which were moculated with human virus and sacrificed at a time when the 
lesions were already chronic, virus aiuld be readily demonstrated by pas 
sage Passage was, however, attempted m a number of mstances because 
it was desirable to obtam additional proof of the true pohomyehtic nature 
of the lesions and also to estabhsh whether or not virus from a monkey 
with non paralytic pohomyehtis could produce the typical paralytic disease 
m other monkeys and thus prove that the host played a definite r61e m 
detenninmg the non paralytic nature of the infection 

The spinal cord and medulla of each of 4 non paralytic poliomyelitis monkeys were 
passaged into each of 4 new monkeys with negative results Using single monkeys 
however, we have obtained irregular results even when the nervous tissue of frankly 
paralyzed monkeys was employed for passage Multiple monkeys were used m sub- 
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sequent attempts (Table I), and positive passage was obtained m 2 instances with the 
development of typical paralytic pohomyehtis It may be of interest to descnbe the 
2 animals whose nervous tissue yielded the vims Monkey 1-39 was sacrificed 36 days 
after mtracerebral and intraabdominal moculation with a pool of the lungs, liver, spleen, 
and kidneys from a case of human pohomyehtis Although nothing abnormal was 
observed dunng life, the followmg lesions were found m the nervous system of this 
monkey In the thalamic region two sections revealed multiple foci of interstitial glial 


TABLE I 

Passage of Nervous Ttssuefrom Monkeys vnlh Non-Paralyhc Pohomyehhs 


Tissue from Monkey No 

Passaged 
into Mon 
key No 

Result 

5-6 

2-76 

Negative 

1-12 

2-78 

tt 

1-09 

2-71 

U 

1-46 

2-69 

tt 

304 

3-9S 

tt 


3 96 

tt 

1-39 

265 

Typical paralytic pohomyehtis 


2-66 

Negative 

1-40 

2 67 


1 

1 

2-68 

(( 

1 

Pool of MO, 1 60, 2-43 

4-03 

(( 


4-04 

tt 


4-05 

it 

3-14 

3 97 

Typical paralytic pohomyehtis (sub- 

Atypical — ^lesions m medulla, none m 6 levels 


sequent passage also positive) 

of spinal cord Medulla passaged 

4-06 

Negative 


infiltration and penvascular cuffing distnbuted chiefly in the tuber cmereum, thalamus, 
and globus pallidus In the medulla, midcervical, and lower cervical regions of the spinal 
cord there were occasional foci of interstitial glial infiltration and marked penvascular 
cuffing In the midthoracic level there were present m addition to these changes distmct 
glial nodules indicative of previous neuronophagia, m the upper lumbar, midlumbar, 
and sacral levels of the cord distmct outfall of neurons in the anterior and postenor horns 
with well-advanced degenerative changes m the roots were present in addition to mter- 
stitial mfiltration and marked penvascular cuffing It is evident, therefore, that the 
infection was well past its acute phase when the monkey was sacrificed, and the isolation 
of vims m this case indicates that whde there was obviously some sort of equilibrium 
between the vims and the host which prevented mvolvement of enough cells to produce 
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the paralytic disease, the virus was not destro>ed m the process The other monhey 
(3 14) that yielded the virus was cspeaally interesting because it did not exhibit the 
pathological changes which m our opinion, were necessary for a histological diagnosis of 
non paralytic poliomyelitis It exhibited no abnormal clinical signs and was sacrificed 
35 days after intracerebral moculation of the abdommal sympathetic ganglia from a 
case of human poliom> elitis Histologically 6 levels of the spmal cord presented no 
sign of outfall of nerve cells, no degenerati\e reaction m the ventral or dorsal roots and 
no mterstitial infiltration or perivascular cuffing m one section of the medulla how e\ er, 
there was some ghal infiltration in the reticular substance of one side and in the floor of 
the 4th ventncle on the other side, associated with penvascular cuffing of several vessels 
1 of 2 monkeys m which the glycerol preserved medulla was passaged, developed typical 
flaccid paralysis of the extremities and the usual characfensfic lesions of poliomj elitis 
were present m the spinal cord Further successful passage of this virus was accom 
phshed and it w as shown to be non pathogenic for mice 

Transitcry Paralytic PohomycUtis and the Question of Partial, Reversible 
Damage to Neurons — ^The term “transitory paralysis,” as used here, refers 
to a condition m which distmct though usually partial, paralysis of one 
or more extremities is present for half a day to about 2 days and then dis 
appears Although our monkeys were not always kept suflSaently long to 
permit detection of this condition, it has been encountered 5 times among 
60 paralyzed animals We were interested m detenninmg, if possible, the 
pathological basis of the transitory paralytic disease and whether or not 
the rapid halt to progression as well as the regression of paralysis was 
assoaated with a disappearance of virus 

The temperatures and clmical course of 4 of these raonke 3 'S are shown m Chart 3 
The first ammal (8 2) is espeaally interesting because of (he extremely short duration 
of paralysis, which might have been missed if the monkey s course had not suggested 
frequent observation This monkey had been given 5 nasal mstiUations of an untreated 
stool suspension and one mtraabdonunal mjection of an ether treated suspension of the 
same matenal When its temperature had fallen from 106 8-106 5® on the 14th and 
15th days to 102 8®F on the 16th day, it was carefullj exercised m the mommg but no 
paralysis or weakness was noted In the afternoon of the same day (16th) there was 
definite partial paralysis of both lower extremities, while on the mommg of the next day 
(17th) the monkey could dimb agam wnth no definitely discernible paralysis It was 
active and well on the 18th and on the 19th day when it was sacrificed Histologically, 
typical lesions were present, but the majonty of nerve cells, some of which showed de- 
generative changes were intact, and some levels of ■the spmal cord appeared entirely 
normal Passage of cord from this animal produced typical prostrating paralj'tic 
poliomyelitis in another monkey The pathological changes m the other 3 monke>'s 
shoivn m Cliart 3 were more extensive in that in some regions of the spmal cord more 
than half of the anterior horn nerve cells had undergone necrosis and neuronophagia 

It seems clear from the histological studies on these monkc}^ as well 
as on those with non paralytic pohomyelitis, that an appreaable number 
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of nerve cells must be destroyed for paralysis to become dmically apparent 
When, therefore, paralysis regresses withm a day or two of its appearance 
the question anses whether some of the nerve cells which had been damaged 
by the virus recover or whether the remammg cells have become suffiaent 
for apparently normal function It is obviously impossible to follow the 
fate of the same cell or group of cells under these conditions of study, but 
the numerous mstances m which nerve cells have been found m a partially 



damaged state suggest that a cell attacked by pohomyehtis virus perhaps 
need not mvariably be irreversibly damaged 

Fig 9 shows part of an antenor horn from monkey 3-7 which was sacnficed 2 days 
after regression of paralysis One can see m it, side by side, 1 or 2 normal cells (Fig 11), 
at least 4 cells with complete chromatolysis and typical acidophilic intranuclear inclusions 
(Figs 12 and 13), and several foci of neuronophagia (Fig 14) which are no longer acute 
in character, t e , they are made up of ghal cells rather than polymorphonuclear leucocytes 
(see Figs 17 to 21 for companson) In monkeys with non-paralytic pohomyehtis, 
sacnficed relatively early, one can see large numbers of cells with margmated Nissl sub- 
stance and eccentnc nuclei (Figs 2, IS, and 16) side by side with other changes mdi- 
catmg that the process is well past the acute phase The latter type of cytologic change 
has also been observed in some monkeys inoculated unth human virus and sacrificed 
m the first few days after the onset of partial, non-progressing, though not regressmg, 
paralysis In monkeys with non-paralytic or transitory, paralytic poliomyelitis sacri- 
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Seed approximately 2 weeks or more after the acute phase no such cells have been 
found the nerve cells surroundmg glial foci or areas from which cells have obviously 
disappeared look quite normal (Fig 10) It would appear, therefore that either the 
degenerated cells and cells with mtranudear mclusions seen during the early stages of 
recovery are finally completely destroyed or else that they become normal agam While 
it is clearly impossible to establish which of the two events occur, it is known that cells 
which rctam their nuclei can recover and ccrtamly oills m which the degenerative change 
shown m Fig 16 has been produced by other means, e g cuttmg penpheral nerves, etc 
can return to normal Nerve cells attacked by polioinyejitis virus that has been thor 
oughly adapted to the monkey (M V virus) as a rule pass through the stages indicated 
in Figs 17 to 21, beginning with chromatolysis and the appearance of aadophihc, mtra 
nuclear inclusions (usually seen when monkeys are sacnficed about a day before the 
onset of paralysis and rarely thereafter), and progressmg to complete aadophihc necrosis 
and phagocytosis by polymorphonuclear leucocytes The presence of cells, such as 
those shown m Figs 12, 13, 15, and 16, in monkeys inoculated with human or first pas 
sage virus at a time when the host has clearly been able to check the further activity of 
the virus, suggests that the course of events depicted m Figs 17 to 21 may perhaps not 
be completed when a certain equilibrium has been achieved between the host and the 
virus 


DISCUSSION 

In the present study evidence has been brought forth that non paralytic 
infection can occur in rhesus monkeys moculated with human or first pas 
sage poliomyelitis virus It was observed that while no reliable clinical or 
laboratory catena were available, the diagnosis could be made with cer 
tainty when definite evidence of neuronal destruction m the spinal cord was 
found on histological cxammation of the nervous system The results of 
this study further indicate that m the absence of such changes m the spinal 
cord, suspicious lesions (e g , gbal aggregates) in the medulla or elsewhere 
m the nervous system, though rarely present without simultaneous mvolve 
ment of the cord, do not warrant the diagnosis of non paralytic poliomyelitis 
unless the virus can be isolated from the tissues The agent thus isolated 
must, however, produce the typical paralytic disease with necrosis of nerve 
cells and neuronophagia m the spmal cord m other monkeys, and not merely 
vascular or other vague infiltrative lesions For there is as yet no evidence 
that there exist strains of pohomyehtis virus without the cardmal property 
of producing neuronal lesions in the spinal cord and distmct flaccid paralysis 
The occurrence of non paralytic or transitory paralytic types of pohomye 
htis m monkeys was found to depend upon the ability of the host to check 
the activity of the virus or to achieve an equilibrium with it, smee it has 
been possible to produce the typical paralytic and prostratmg tj^ of disease 
by transferrmg tissue from these animals to other monkeys 

In a recent report, Kling (7) maintained that m monkeys moculated with 
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human tissues or drinking water there occur “abortive” or “mild paralytic” 
attacks of pohomyehtis m which there is no evidence of neuronal damage 
but only cellular infiltration in the meningeal vessels and choroid plevus 
On passage of the nervous tissue of such monkeys, “paresis” but not paraly- 
sis was observed, and there were again no neuronal lesions but only the 
vascular changes Although no evidence was obtained that these lesions 
were caused by pohomyehtis virus, he suggested that he was deahng with a 
type of pohomyehtis virus that caused no neuronal destruction We have 
observed the lesions described and illustrated by Khng in more than 50 
per cent of our monkeys in which a diagnosis of pohomyehtis could not be 
made according to our catena These lesions were also present in 30 of 
44 monkeys moculated with monkey tissues m which virus was never demon- 
strated We have seen a glial nodule in the medulla, perivascular cuffing, 
and cellular infiltration near the ventricles in unmoculated monkeys Fur- 
thermore, several attempts to passage nervous tissue shovnng these vascular 
lesions produced no apparent disease in other monkeys, and the nervous 
system of these passage animals was either free of similar lesions or contained 
them m the same ratio found m other monkeys We have as yet been 
unable to demonstrate any virus or other mfectious agent pathogenic for 
monkeys, guinea pigs, or mice in the nervous tissues exhibiting these vas- 
cular lesions That rabbits and mice spontaneously exhibit m their nervous 
system similar changes, which must be guarded agamst when these animals 
are used m experimental work, is well known, and it is our impression that 
the same obtams for monkeys 

The demonstration in the present study that monkeys do not need all 
their antenor horn nerve cells for apparently normal function, and that 
under certain conditions the host may achieve an equilibrium with the 
virus before a sufficient number of nerve cells is destroyed to produce paraly- 
sis, has a definite bearmg on our mterpretation of abortive and non-paralytic 
pohomyehtis m man It shows, for example, that the progression of virus 
need not necessarily be halted before it reaches the spmal cord for the in- 
fection to be non-paralytic, as was suggested in one hypothesis (9) It is 
also important to note that the evidence mdicates not only that the virus 
can reach and attack the spinal cord m a non-paralytic infection but also 
that it may persist for a considerable period In this respect one cannot 
help but wonder whether or not certain activities or conditions may not 
be capable of upsetting such an equihbnum, and one recalls the frequency 
with which certam cases of human, paralytic pohomyehtis occur within 
about 24 hours of severe exertion or excessive exerase The short mterval 
between the exertion and the onset of paralysis suggests that the virus must 
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have already been present m the central nervous system at the time, and 
the question naturally anses whether or not an mfection that might have 
remained non paralytic could thus be changed into the paralytic disease 
by a disturbance m the equilibrium which may exist between the host and 
the virus 

The phenomenon of transitory paralysis which is not unknown m human 
poliomyehtis has m earher days been explamed on the behef that edema and 
inflammatory exudate temporardy interfered with the function of the nerve 
cells Histological study of this condition in monkeys, however, offers 
no support for such a hypothesis and suggests rather that it may depend 
m part on the fact that apparently normal function can be carried on with 
less than the normal number of nerve cells, and m part on the possibihty 
that not all nerve cells attacked by the virus are irreversibly damaged 

SUiniARY AND CONCLUSIONS 

1 The occurrence of non paralytic pohomyehtis m monkeys inoculated 
with human or first passage virus was proved by histological exammation 
of the nervous system and by isolation of the virus 

2 The non paralytic mfection was almost invariably associated ivith the 
destruction of an appreaable number of nerve cells m the spmal cord, and 
failure of the process to progress seemed to depend upon an equihbnum 
between the host and the virus, in which the latter occasionally persisted 
m an active state smce it could produce the typical paralytic disease on 
passage to other monkeys 

3 While there were no reliable chmcal or laboratory cntena, the diag 
nosis of non paralytic pohomyehtis was made when the foUowmg changes 
were found in the spmal cord (a) outfall of neurons confirmed by the pres- 
ence of the reaction of degeneration m the nerve roots, and (6) foa of ghal 
infiltration and perivascular cuffing m the gray matter 

4 Antenor horn cells showmg diffuse chromatolysis and aadophihc, 
mtranuclear mclusions were present 2 days after disappearance of paralysis 
of short duration, and nerve cells with margmated NissI substance and 
eccentric nuclei were found side by side with obviously older lesions m 
monkeys with non paralytic pohomyehtis These cytologic changes were 
not present m monkeys sacrificed in still later stages of the disease 

5 The transitory character of the paralysis m some monkeys may depend 
m part on the fact that apparently normal function can be earned on with 
less than the normal number of nerve cells and m part on the probable, 
but not proved, possibility that not all nerve cells attacked by pohomyehtis 
virus are irreversibly damaged 
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EXPLANATION OF PLATES 
Plate 35 

Fig 1 Upper lumbar cord of monkey (5-6) with non-paralytic pobomyebtis X 19 
Fig 2 Same, left anterior and lateral horns Note outfall of nerve cells and cellular 
infiltration in lateral horn, and anterior horn cells with marginated Nissl substance and 
eccentnc nuclei X 65 
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PLATE 36 



(Sabm and Ward PoU mjrel li n monkej-i) 






Fig 3 Monkey (7-6) with non-paralytic poliomyelitis Note destruction of most 
of the anterior horn on the right side X 16 

Fig 4 Monkey (1-10) with non-paralytic poliomyelitis sacrificed at later stage 
Arrows point to outfall of neurons in anterior horn on the left, and to roots showing 
reaction of degeneration For greater magnification see Fig 6 X 20 

Fig 5 Monkey (146) with non-paralytic poliomyelitis Arrows point to outfall 
of neurons in the anterior horn on the right and to degenerated nerve roots on the same 
side Note paucity of reaction in site from which neurons have disappeared X 20 
Fig 6 Nerve root showung reaction of degeneration X 270 
Figs 7 and 8 Same The roots in the lower portion of each figure are normal 
Fig 7, X 103 Fig 8, X 68 









Plate 37 

Fig 9 Anterior horn in spinal cord of monkey (3-7) iMth transitory paralysis, 
sacrificed 2 days after disappearance of paralysis Black arrows point to foci of neu- 
ronophagia (see Fig 14), and white arrows to nerve cells with acidophilic, intranuclear 
inclusions (Figs 12 and 13) X 68 

Fig 10 Anterior horn in spinal cord of monkej (1-40) with non-paralvtic poho- 

ehtis, sacrificed 36 days after inoculation Note foci of cellular infiltration indicative 
of previous loss of nerve cells, and the normal appearance of the remaining nerve cells 
X 68 

Fig 11 Apparently normal cell from Fig 9 X 640 

Figs 12 and 13 Cells showmg diffuse chromatoljsis and acidophilic intranuclear 
inclusions from Fig 9 Arrows point to basophilic nucleoli— other intranuclear, sharply 
outlined, bodies are acidophihc inclusions X 640 

Fig 14 Focus of neuronophagia from Fig 9 Note that it is made up chiefly of 
glial cells X 640 

Figs IS and 16 Anterior horn cells from Fig 2 showing margination of Nissl sub 
stance and eccentricity of nucleus X 640 
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Plate 38 

Figs 17 to 21 depict the fate of an antenor horn cell attacked by monkey adapted 
poliomyelitis virus They were prepared in the course of an unpublished study on the 
pathologj' of evpenmental pohom^ elitis produced by nasal instillation of hi V virus, 
by one of us vhile at the Laboratories of The Rockefeller Institute for Medical Research 
The photographs vere taken bj Mr Joseph B Haulenbeek 

Fig 17 Normal anterior horn cell representative of condition of the nerve cells in 
the spinal cord about 3 days before the onset of paralysis X 1000 

Fig 18 Anterior horn cell show ing diffuse chromatolysis and three acidophilic, intra- 
nuclear inclusions, found almost evclusively in monkeys sacrificed the day before onset 
of paralysis X 1000 

Fig 19 Complete acidophilic necrosis of antenor horn cell X 1000 
Fig 20 Polymorphonuclear leucocytes invading necrotic cell X 1000 
Fig 21 Neuronophagocytosis by pol 3 Tnorphonuclear leucocytes X 1000 
The stages shown in Figs 19 and 20 predominate on the day before paralysis while 
that in Fig 21 is more prevalent during the first day of paralysis This timing was 
made possible b> the fact that the virus used w as so well adapted that it not only regularly 
produced infection by the nasal route but also that paralysis appeared on or about the 
7th daj in almost all inoculated monkeys 
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The distribution of virus in the tissues of an infected host is frequently, 
if not always, a key to the nature of the disease, and eiqierimental studies 
with a number of neurotropic viruses m recent years have shown that a 
proper mvestigation of such distribution can point not only to the site from 
which the virus invades the nervous system but also to its mode of spread 
and elimination 

Our present concepts of the nature of human pohomyehtis are based (o) on certain 
limited investigations of human tissues made for the most part 25 to 30 years ago when 
the vims was first recognized and the criteria for its identihcation were not always rigid, 
and (6) on the behavior of the virus in experimental animals, different species of which 
appear to behave quite differently (1, 2) The scattered easting data on the mfectivity 
of human tissues include tests on the spinal cord medulla and cerebrospinal fluid the 
lymph nodes including the tonsils and pharyngeal tissue, the nasal mucosa, the blood 
and viscera and as regards secretions and excretions, nasopharyngeal washings and 
intestmal contents or stools No vims has been demonstrated in the cerebrospinal fluid, 
the blood or the viscera Barber reports of the presence of virus in the lymph nodes, 
particularly those of the mesentery, could not be corroborated by numerous subsequent 
tests and the explanation was offered that in the earlj work the lymph nodes might have 
been contaminated by admixture with positive tissues (3) Recently, however, the 
occasional presence of virus in human cervical and mesenteric lymph nodes has again 
been reported, although the entena used for identifying the virus in some instances are 
open to question (4, 5) The early repeated positi\ e results with the tonsils and attached 
pharyngeal mucosa (6-8) have not been reinvestigated in recent years and it has re 
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mained a question whether the virus was present in the tonsils or in the pharyngeal 
mucosa The nasal mucosa has been tested in only three cases and the virus w as re- 
ported to be present in one (8) The numerous tests with nasopharjTigeal washings 
through the years have yielded a certain number of positive results, although it has 
never been made clear whether the virus came from the nose or from the mouth and 
pharynx The infectmty of the intestinal contents which had been denied for many 
years w'as established beyond doubt in more recent work, although the source of the virus 
thus ehminated remained unknow n In no instance, how ever, have aU the tissues and 
secretions or excretions upon which tests are recorded been studied simultaneously in 
the same case It was clear, therefore, that the existing data, even including the contro- 
versial studies, were insufficient for formulating any idea of the essential nature of human 
pohomyehtis 

Plan of Study 

The plan of the present sudy was to search for the virus of pohomyehtis 
in a sufl&aently large number of properly selected tissues to enable one to 
deterrmne whether or not its distribution follows a distinct pattern Al- 
though past experience indicated that the primary transmission of the virus 
from human tissues to monkeys is not always readily accomphshed, it 
nevertheless appeared possible that if all the selected tissues were obtamed 
from each of six or more cases of human pohomyehtis and tested in the same 
manner, each specific structure would be moculated into monkeys a suf- 
fiaent number of times to give at least an mdication of the presence or ab- 
sence of virus m it The selection of tissues for these tests was determined 
by their capaaty to mdicate (a) whether or not a certam system was af- 
fected, {b) what might be the centrifugal or centripetal pathways pursued 
by the virus outside the central nervous system, and (c) whether at the 
time of death the virus is distributed mdiscnmmately throughout the central 
nervous system or is present m appreaable amounts m some areas and not 
m others m accord with a definite pattern 

Table I lists the tissues selected for study and the order in which they were removed 
from the body The pharyngeal mucosa wnth or without the tonsils was tested not only 
because in the work of 25 to 30 years ago the virus was reported most regularly as being 
present in the tonsils, but also because the pharjmx is part of the ahmentaty tract and 
the tonsils are part of the cervical lymphatics Practically all the superficial and deep 
cervical lymph nodes, and the mesenteric lymph nodes were dissected out and tested 
because the presence or absence of virus in them is still a matter of controversy The 
axillary and ingumal lymph nodes were included for control in order to determine whether 
the virus may possibly be wndely distributed in the lymphatic system and be responsible 
for the pathological changes which are so frequently encountered in it The liver, 
spleen, kidneys, and lungs were selected as an index to the generahzation of the virus, but 
we now think that it was a mistake to mdude the lungs in the pool because of the fre- 
quency of aspiration of matenal from the ahmentary tract in terminal cases The 
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suprarenals were tested chiefly because they contain so many neurons of the autonomic 
system which might be involved m case appreciable centrifugal spread of virus occurred 
The entire submaxiUary an^ part of the parotid salivary glands were obtained to deter 
mine whether or not the virus of poliomyelitis, like that of rabies, may spread to them 
centrifugally and whether or not the saliva could thus become one means of ehmination 
12 to 18 inches of ileum near the ileocecal junction and of descending colon with their 
respective contents were tied off and excised The intestinal contents and the thor 
oughly washed walls were tested separately The presence or absence of virus m the 
wail of the gut with its nerve cells of the submucous and myentenc parasjanpathetic 
plexuses (Meissner s and Auerbach s) would throw considerable light not onl> on the 
origin of virus in the stools, but tak^ together with the other data also on the possible 
site or sites from which the nervous system may be invaded The cervical and abdominal 
sympathetic ganglia were tested to indicate whether or not centripetal or centrifugal 
spread of virus occurs along their course The nasal mucosa, both the nervous, olfac 
tory, and the respiratory portions was included to determir- whether or not it is a site 


TABLE I 

Euman PffltomyehUs Nccropstes 
Tissues Selected for Study and Order of Their Removal 


1 Fharyn^eal mueou «{lii or mthont t nsils 

2 AxIlUiy oad issuloal lyioph oodos 

3 Sopnftiuls 

< Abdomiaal sTmpatiietie fustia 

5 Liver «p|e«a kidneys lungs 

6 Meseat^e lynpli codes 

7 Ileum (near Deoncel junction) md coateals 

8 Desce diag coloa ud contents 

9 Cervical lymph nodes 

10 SaUvuy gUnds (submuilUry snd p&rotfd) 

11 Superior cervical sympathetic ganglia 


12 Olfactory bulbs 

13 Anterior perforated sobstasce and adjacent corpus 

strut m 

14 Diencephaion 

15 Pons and medoUa 

16 Anterior frontal and occipital potbons of neopaJlia) 

cortex 

17 Motor cortex 

18 Meseacepbalon 

19 Sputal cord 

20 Nasal mucosa (olfactory and rupiratory) 


from which infective virus may be elirmnatcd In the central nervous system tests on 
the ol/actor> bulbs and anterior perforated substance were expected to throw light on 
whether or not the virus invades by the olfactory pathwa> This deduction however, 
would be possible only if it were found that there was no generalized diffusion of the virus 
involving areas such as the anterior frontal and ©capital portions of the neopalhal cortex 
m w hich no neuronal lesions are found The diencephalon mesencephalon motor cortex, 
pons and medulla, and spinal cord were tested to ched the frequenc> with which the 
virus may be isolated from regions m which the lesions are usually localized 

Smee the olfactory pathway has received spcaal consideration as a possible portal 
of entry of the virus and since the pathological changes observed in the olfactory bulbs 
of monkeys infected bj the nasal route (9) were not found m human olfactory bulbs 
(10) it -was especially desirable to establish whether or not they contained the virus 
Consequently it was planned to stud> several additional cases in which onI> the ol 
factory bulbs and spinal cord would be investigated 


ifelhads 

In preceding studies on human pohomyelitis tissues have usually been sent to the 
laboratory (occasionally all mixed together m a single bottle) by pathologists unaware 
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of the precautions that must be observed Our material was derived from necropsies 
earned out by ourselves under relatively aseptic conditions and with a sufficient number 
of sterile mstruments to permit the individual handlmg of each tissue or group of tissues 
to be tested The necropsies were performed m Indiana, Ohio, and West Virgmia where 
a moderate epidemic of poliomyelitis occurred m 1940 In some mstances it was possible 
to begm the necropsy withm a few hours after death while m others longer delays were 
unavoidable 

The skm was prepared with iodine and alcohol The usual incision was used for ob- 
tammg the thoracic and abdommal tissues To expose the sahvary glands and other 
structures of the neck, the original incision endmg on the shoulder over the acromion 
process was carried backwards along the upper edge of the scapula which permitted 
reflection of the skm of the neck up to the mandible To obtain the abdominal sym- 
pathetic gangha, the descending aorta was exposed at the level of the left suprarenal and 
the large cehac gangha and associated plexuses were dissected, a small piece was oc- 
casionally sectioned for histological confirmation of the tissue No attempt was made 
to expose the skull asepticaUy However, after the scalp had been reflected, the area 
was washed with alcohol and the bone, through which the saw was to pass, was cleared 
of penosteum and similarly treated with alcohol A stenle saw w as used but great care 
was taken not to mcise the dura After removal of the calvarium, all further work was 
done with stenle rubber gloves since the bram had to be removed manually In order 
to avoid tearmg or maceration of the olfactory bulbs, the frontal poles were lifted with 
a stenle spatula and the olfactory tracts were cut before the brain was removed from 
the cranial cavity The brain was placed on stenle towels and the vanous portions, 
dissected out with separate instruments, were put into individual bottles The nasal 
mucosa was obtained last through an intracranial approach after stopping the dura 
mater and thorough cleansing with alcohol of the bones formmg the roof of the nose 
The order in which the tissues were removed, as indicated m Table I, was arrived at 
after some tnal and error and was chosen chiefly because it pemutted the dissection of 
the vanous structures in relatively bloodless fields 

In the beginning, the tissues were kept in SO per cent, buffered glycerol, transported 
to the laboratory in the frozen state packed in sohd CO 2 , and stored in the refrigerator 
at about S°C until used Later on, however, the tissues (without glycerol) were frozen 
immediately after removal from the body and kept frozen with sohd CO 2 until tested 
Although we now prefer the latter method, there was actually no difference in the results 
obtained with the tissues preserved by either procedure Representative sections of the 
nervous system (usually cervical, thoracic, and lumbar levels of the spinal cord and one 
level of the medulla to include the nuclei of the 9th and 10th cranial nerves) were ob- 
tained in each case for histological study to ascertain whether or not the pathological 
findings were in accord with the chnical diagnosis of pohomyehtis 

Preparation of Tissues for Inoculation — ^With the exception of matenal such as nasal 
mucosa, pharyngeal wall, or tonsils, ileum, colon, and their respective contents, which 
are naturally contammated, aU the other tissues were prepared for inoculation as heavy 
suspensions in distilled water or physiologic salt solution, and the aseptic precautions 
which were observed in obtaming them were sufficiently adequate to prevent death of 
the animals from bactenal infection Both olfactory bulbs were ground without added 
abrasive and the total amount, usually 1 5 to 2 cc %vas injected intracerebrally (1 c ) 
With the exception of the spmal cord and medulla approximately S gm of each of the 
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other parts of the nervous system were used, unless as m the case of the diencephalon 
or antenor perforated substance, the entire specimen weighed less than 5 gm Whenever 
possible the nervous tissues were ground without abrasives, and the total milky sus 
pensions after filtration through several la>ers of gauze were inoculated i c and intra 
abdominally (i p ) The lymph nodes and salivary glands which frequently exceeded 
10 to 15 gra wete used ioio and were inoculated as shghtly centrifuged 20 per cent sus 
pensions Approximately 10 gm of the pool of viscera were used for preparing a 20 
per cent suspension, all of which was inoculated into a single monkey The contammated 
tissues were prepared differently The nasal mucosa and the pharyngeal mucosa with 
or without the tonsils were ground with sand and taken up in sufficient distilled water or 
salme to yield a 10 per cent suspension After horizontal centrifugation at about 2000 
E Tjs for 10 minutes, the supernatant liquids were drawn off, mixed with 15 per cent of 
their volume of anaesthetic ether, shaken for 10 minutes, and left in the refrigerator 
overnight This was followed by horizontal ccntnfugation at 2000 r pot for 10 to 20 
minutes, and the middle layer between the sediment and the fatty cake at the top was 
pipetted off and agam centrifuged at the same speed for 30 to 60 mmutes The final 
supernatant bqmd was almost always stcnle on blood agar and was used for i c and i p 
inoculation The original sediment before ether treatment was occasionally resus 
pended and used for nasal mstiUation m the same monkey which received the ether 
treated matenal The loops of intestine were opened in a large Petn dish and the 
contents separated from the wall with the aid of wooden tongue>depressors The wall 
was then cut in several pieces, shaken several times with fresh changes of 500 to 1000 cc 
of tap water and left to wash in running tap water until the wash water was quite dear 
the water was drained off and the intestinal wall was ready for use. As a rule, appron 
mately 10 gm of the intestinal wall were ground with sand and enough distilled water or 
saline to make a 20 per cent suspension This suspension was then submitted to the 
same ether treatment and series of centrifugations which were described for the nasal 
mucosa and pharyngeal wall With the exception of the ileum and colon contents all 
tissues were inoculated i c and, whenever more than 4 cc. of suspension was available, 
i p as well The ileum and colon contents were weighed and, depending on the amount, 
10 or 20 per cent suspensions were prepared, and the same procedure of etherization and 
centrifugation, described for the other contaminated tissues was followed here On 
several occasions it was necessary to repeat the process of etherization and centrifugation 
two or three times before it was possible to obtain matenal that would not kill the 
inoculated monkeys withm 24 to 48 hours Since speamens so treated finally produced 
typical poliomyelitis in monkeys the procedure is obviously not too harmful for the 
virus The sediments from the first centrifugation before ethenzation were resuspended 
and used for nasal instillation (repeated daily for 6 to 10 days) in the same monkeys which 
received the ether treated material i p and occasionallj i c. Whenever enough material 
was available two i p inoculations of 20 cc each were given 24 or 48 hours apart 
Animals and Obscnaltons — Smee Zlacactis rhesus monkeys were the only ones avail 
able m sufficient numbers for this study, they were used in most of the tests ifacacus 
cynomolgus monkeys have been reported by several observers as being somewhat more 
susceptible They were therefore used for a senes of tissues from two cases, although 
in a comparative test with the spinal cords from five human cases which faded to produce 
poljom)'e]itis in rhesits monkeys on first inoculation the cynomolgi did not prove to be 
superior in revealing the virus Intracerebral inoculations were made under local anes 
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thesia \Mtli novocain and adrenalin, because it was possible to give nasal instillations of 
contaminated material to such monkej^s ithout deaths from pneumonia which occurred 
mth great frequency among the animals that had had ether anesthesia Rectal tem- 
peratures were taken daily and the animals were exercised to permit the detection of 
even slight degrees of paralysis as reflected in abnormal running or climbing If the 
animals remained w’ell dunng the first week or two they were frequently given a second 
intracerebral inoculation of the same material preserved in the refrigerator, and if they 
still developed no suggestive signs they were kept for 5 to 6 weeks after the first inocula- 
tion and were then killed for histological study As a rule, 6 levels of spinal cord (3 
lumbar, 1 thoracic, and 2 cervical) and one level of medulla (through the 4th ventricle) 
were sectioned, although in certain instances other regions of the nervous system W’ere 
also examined The olfactory bulbs and anterior perforated substance were included 
whenever nasal instillations had been given Care was taken to include the roots in the 
sections of the spinal cord, because their condition can be of great assistance in estabhsh- 
ing a diagnosis of non-paralytic pohomyehtis (11) The remaining portions of the spinal 
cord and medulla were saved in 50 per cent buffered glycerol and passage was often 
resorted to when the diagnosis was in doubt The viscera were examined in every 
monkey and it is noteworthy that only one case of tuberculosis was encountered among 
the more than 200 animals used in this stud> The human spinal cord or medulla and 
pons suspensions were also in3ected i c and i p into 6 to 10 young mice The mice, 
however, remained well and had no immunity 2 months later to Armstrong’s mouse 
passage virus (Lansing strain) 

CrUenafor Diagnosis of Expertmenlal Poliomyelitis — ^When a monkey developed un- 
mistakable flaccid paralysis of one or more extremities with charactenstic neuronal 
necrosis, neuronophagia, and infiltrative lesions in the spinal cord, the diagnosis of 
experimental pohomyehtis was made without resorting to passage in each instance 
Positive passage was, however, obtained w'lth one or more tissues in most cases, which 
taken together with the non-pathogenicity of the matenal for mice, was considered 
sufiflcient basis for diagnosing the presence of poliomyelitis virus in the human material 
In the preceding communication (11) we described the occurrence of non-paralytic 
poliomyelitis, established by histological examination, with typical lesions in the spinal 
cord in monkeys inoculated with human virus Although the diagnosis of non-paralytic 
poliomyelitis was made eleven times, it was not necessary to base any significant con- 
clusion on that diagnosis alone, since in all but one instance, either the same tissue from 
other cases gave rise to typical paralysis or positive passage with the development of 
typical paralytic pohomyehtis was obtained Histologically the diagnosis of expen- 
mental pohomyehtis was not made without evidence of past or present neuronal lesions 
m the spinal cord, despite the one exception which we have encountered (11) 

RESULTS 

Eleven complete necropsies were performed m which all the tissues enu- 
merated in Table I were obtamed Two of these turned out not to be 
pohomyehtis on histological exammation of the human spinal cord and 
medulla and the monkeys inoculated with these tissues remained well 
It IS of interest to note with respect to the type of disease that may be clini- 
cally confused with pohomyehtis, that one of these cases was most likely 
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an osteomyelitis of the leg with a terminal pyogenic pleuntis, pneumonia, 
pericarditis, and focal myocardial abscesses, and the other was an infectious 
polyneuntis (neuronitis) with typical lesions m the nerve roots In two 
additional cases of pohomyehtis only a Imuted number of tissues were 
obtamed 

To pemut a critical analysis of the results it seems desirable to present 
m bnef form the significant protocols mcludmg the history of the patient, 
the essential pathological findmgs m the human nervous system, and the 
type of experimental disease produced m the monkeys moculated with the 
various tissues The moculations resulting m the demonstration of poho 
myehtis virus m certain tissues of the first seven cases are summarized m 
Table n 

Case 1 (Ohio) — Art , 5 >ear old white boy Onset Aug 12, 1940, with headache, 
vomitmg, and fever (lOl^F ) Aug 13, vomiting relieved, fever 101 F Aug 14, 
a m , paralysis both arms left leg and face p m paralysis left intercostal muscles 
aphoma and dysphagia, died 8 30 pJB in respiratory failure 

Body not m refngerator necropsy begun 5J hours after death Only remarkable 
gross finding ^vas extreme enlargement of cervicallyropb nodes and extreme softness and 
mushrooming of spinal cord Microscopically there was extensive neuronophagia and 
cuffing throughout the spinal cord more marked on one side than on the other at the 
lumbar level, and with complete destruction of almost all the nerve cells in the thoracic 
and cervical levels Similar focal lesions were present m the medulla but less marked 
than m the spinal cord 

Case 2 (,Ohxo) — ^Wil 8 year old white boy Reported not to have been feebng well 
and to have had some fever for 2 weeks before onset on Sept 7, 1940, with abdominal 
pam vomitmg and headache Sept 8 vomitmg and fever Sept 9 nasal voice and 
dysphagia on admission to hospital temperature 102®, stiff neck, questionable nght 
facial paralysis, palatal paralysis, hoarse nasal voice to no voice at all, no paralysis of 
the extremities or loss of deep tendon reflexes pleocytosis of SOO cells, mostly lympbo- 
tyfes Sept 10, temperature J03 extremely restless and general condition worse, 
died 9 30 pan 

Body in refrigerator, necropsy begun 8J hours after death The marked enlarge 
ment and edema m the gross of all the lymph nodes — cervical, mescntenc axillary, and 
inguinal — and small white foci in parts of the liver were the remarkable findings Micro- 
scopically one level of the medulla presented heavy cuffing and extensive neuronophagia 
affecting chiefly the nucleus of the hypoglossal nerve on one side and the nuclei ambigui 
and reticular substance of both sides Despite the absence of obvious paralysis of the 
extremities and the presence of the reflexes a section through the midcervical region 
of the spinal cord revealed neuronophagia of about half the number of the anterior horn 
Cells and heavy cuffing while sections through the thoracic and lumbar levels also showed 
focal neuronophagia and heavy cuffing There was necrosis slight polymorphonuclear 
cell infiltration and proliferation affecting chieilv the reticulum of all the lymphoid tissue 
m the nodes, spleen, and intestines The liver show ed numerous areas of focal necrosis 
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Data on Tissues w Which Pohomyehtis Virus lEoi Demonstrated 


£ 

Tissue 

Bose and 
route 


Result of inoculation 


% 

ti 

n 

«S 

u 

No 

Fever 

Paralysis 

Died 

or 

killec 

^ Pathology 

Passage 

1 

Spiual cord 


Rh 1 23 

0 

6* (A + L) 

K6* 

Typical 

+ 

(i/i) 


Medulla and pons 

2 ic 

21 ip 

Rh 1 S8 

0 

14 (Wt 96 4 ) 

R14 




Bienceplialon 

2 1 c 

30 1 P 

Rh 1 54 

■7 8* 

8-12 {RF, L) 

K 12 

II 



Motor cortex 

2 1C 

50 I p 

Rh 1 56 

7 

8-10 (L) 

R 10 

li 

' 


Ileiun — contents 

2 1 c 

3 5 I p 

Rh 1 SO 

0 

5 (Aph , Proetr ) 

D 6 

II 

+ 

(I/l) NP 


Ileum — washed wall 

2 1 c 

45 ip 

Rh 1-49 

I 

0 

IS 17 (LA) 

K 17 

II 

! 

0 

<0/l) 


Pharyngeal + tonsils 

2ic (rl5) 

1 61 P 

Rh 1-46 

! 0 

i 

0 

K39 

NP 

0 

(0/1) 


Axillary + inguinal 
lymph nodes 

2 1 c (tl6) 
17 ip 

Rh 140 

ITT 

* 0 

R36 

NP 

0 

(0/2) 


' Lung + Ijvcr 4- 
spleen + kidney** 

2ie (rl6) 
40 1 p 

Rh 1 39 

UT 

0 

K36 

NP 

+ 

(1/2) 

2 

Spmal cord 

2 1 c 

26 ip 

Rh 1 91 

■ 

11-12 a.) 

K12 

Typical 

+ 

(I/O 


Medulla and pons 

2 1 c 

20 1 p 

Rh t.60 

B 

0 

K36 

NP 



Mesencephalon 


Rh2 16 

8 

lo-n (A) 

Kll 

Typical 

0 

(0/1) 


Bienccphalon 


Rh2 17 

B 

13-17 (part RA, 
LA) 

K.17 

II 



Motor cortex 


Rh 2 18 

B 

15-19 (trans L) 

K.31 

“ 



Pharyngeal tissue 

B 

Rh2 24 

0 

11-13 (RF.N) 

K 13 

II 

+ 

(1/1) 


Legend — h, both arms, L, both legs, RA, right arm, LA, left arm, KL,nght leg, LL, left leg, F, facial, 
N, neck, Aph , aphoma, Prostr , prostrate, WL., weakness, part , partial, trans , transitory paralysis, 
Rh, rhesus, Cyn, cynomolgus, NT, non paralj-tic, rlS, reinoculated on 15th day, i c , intracerebral, i p , 
mtraabdominal, i n , mtranasal, irr , temperature irregular 

* Numerals refer to day of fever, paralysis, death, or sacrifice D, dead, K, kdled 
** Case 1 Pooled Viscera — When it was established that the virus was contained in the pooled 
viscera, an attempt was made to discover m which it was present The remaining pieces, all contamed 
m one bottle of gl> cerol, w ere thoroughly washed in physiologic salt solution, and what was left of each 
organ was maculated into separate rhesus monkeys as follows lung — 2 cc , i c and 5 5 cc , i p mth re- 
moculation i c of 2 cc 7 days later, liver — 2 cc , i c , 12 cc , i p , and remjection i c 7 days later, kid- 
ney — 2 cc., i c , 18 cc , 1 p , and remjection i c 7 dajs later All monkeys remamed well and no histo- 
logic evidence of pohom> ehtis was found 
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TABLE n — Conitnwd 







Result of Inoculation 1 




Dose and 
route 







CueNc 

Tiisue 

No 

Fever 

Paralysis 

Died 

or 

killed 

Pathology 

Passage 



ee 







Case 2— 
eonfd 

Hetan — contcatst 

2 1 c. 

21 ip 
nlji 

Rh2 59 

IS 16 

17 20 (part.RA 
L) 


l^cal 



Descending colon — 
contents 

20ia 

20 1 p 

6 Lp 

Rh 250 

5 9 15 
16 

18 19 (part A -f 
L) 


Typical (ol 
factory -)-) 


i 

Spinal cord (cervical) 

2ix 

21 ip 

Rh ! 97 

B 9 

9-11 (F Wk N 
part. RL) 

K 11 

Typical 

+ 

fNP) 


MeduHa and pons 

2 !c 

20 ip 

Rh 1 27 

0 

13 IS (N A, L 
Prostr ) 

K15 




Mesencephalon 

21c 

4Jlp 

Rh 145 

7 

10 (RL part LL) 

RIO 




Dlencephaloo 

2 Ic 

25lp 

Rh 144 

8 

9-11 (RF RL 
part LL) 

Rll 




nemor— washed wall 

2 tC 

40 1 p 

Rh 1 75 

0 

0 

K35 

0 




2lc 

70 Ip 

Rh2 5S 

20 

21 23 (RL part 
LL) 1 

R22 

Typical 

+ 

12/2) 


Descending colon— 
contents 

12 Lp 

Rh 141 

0 

1 

14 15 (RF N 
RL part. LL 
+ A) 

K 15 

Typical (el 
factory— 0) 

+ 

(1/1) 

4 

Spinal cord 

2 Lc 

10 ip 

Rh 1-09 

U 14 ' 

0 Tr 15 16 

R21 

Typical 

0 

(0/1) 


Medulla and pons 

2ic 

10 ip 

Rh76 

6-9 

0 Wk RL13 14 

R 20 




Motor cortex 

2 ic 

Z6 Lp 

Rh 1 12 

0 

0 

R37 

hfP 

0 

(0/1) 


Mesencephalon 

2ie (rl5) 
26 i p (rlS) 

Rh 1 10 

0 

0 

ROT 

NP 



Descending colon- 
contents 

22 ip 

Rh20 

12 13 

14-16 (part A + 
L) 

R16 

Typical (ol 
factory— 0) | 

+ 

(NP) 

5 

Spinal cord 

2 Ix 

27 ip 

Rh i 95 

0 

0 

R3S 

0 




2 Ix 

Rh 240 

0 

9-16 traas ? 

RIS 

Typical 




26 ic 








1 

2 i c. 

26 Ip 

Cyn249 

0 

15-19 (part RL 
Wk L) 

R19 




Z Ileum— ConUnts—B gm. contents susi^hucu 

cobmesptrcc after cthen^Uon Rh2 25-2cc ic.andlcc.of untreated 

dead following morning with bacterial meningitis Rh 2 26— cc. P Remaining mate 

IS with nasal instillations on 3 successive days— dead 6th day ® ^ . 

ml ethenxed second time and 0 1 cc. yielded no growth moculated into Kh i iv 
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TABLE II — Concluded 







Result of inoculation 




Dose and 
route 







V 


No 

Fever 


Diec 

1 

Passage 

C9 

u 




Paralysis 

or 

killef 

^ Pathology 






■■ 





Case S — 
omid 

Pharyngeal + tonsils 

fl 


11 21, 
23 


B 


0 

(0/2) 


Abdominal sjTnpa 







4- 


thetic plexusS 


■HI 



mu 




Desccndmg colon-' 

12 in 






m 


contents 

20 ip 

■■1 








10 1 p 







6 

Spmal cord (cervical) 

2 1C 

Rh 1 96 

0 

0 

K35 

0 




21 ip 








Various regions 

1 

2 1C 

Rh 2-43 

irr 

0 

E.36 

NP 




23 1 p 









2 1 c 

Cyn 2-44 

0 10 

J3-16(RL) 

K 16 1 

Typical 



i 

23 1 p 







Mesencephalon 

2 1 C (r7) 

32 ip 

Rh299 

i 

1 

6,9 

9-11 (L, part A) 

KlI 

ft 



Diencephalon 

2 1C (r7) 

Cyn 2 97 

6 

9-10 (L) 

K 10 

ft 




28 ip 






(3/3) 


Phsiyngeal -f bjojils 

2ie 

Cyn 2-84 

in 

8-12 (L RA, 

K 12 





15 1 p 



part LA) 





lleum—vrashed wall 

2 ic 

Cyn 2 88 

irr 

11-12 (F L,Wh 

K12 

„ 




36 ip 



A) 



(2/2) 


Descending colon — 

2 IC 

Cyn 2-86 

14 

17-16 (A -f L) 

K 18 

.. 



washed wall 

40 ip 








Descending colon — 

2 1C 

Rh 2-85 

12 13, 

17-18 (LL part 

K IS 

Typical (ol 



contents 

24 ip 


15, 16 

RL-f A) 


factory -f) 




6 im 







7 

Motor cortex 

2 1C (r7) 

Rh 3-33 

12 13, 

14-17 (part LL 

KIT 

Typical 




43 1 p 


14 

Wt RL) 





Descending colon — 

20 ip 

Rh 2-01 

0 

12-13 (RL Aph 

K.13 

Typical (ol 



contents 1 

ll4i n 6 1 p 



part LL -1- A) 


factory— 0) 



§ Coie 5 Abdominal Simpalheltc Plexus — ^Histological examination of the nervous system of Rh 
3-14 did not satisfy the cntena for a diagnosis of non paralytic pohomyehtis because in none of the 
SIX levels of the spmal cord -was there any sign of outfall of neurons, intersbtial infiltration, or degenera- 
tive reaction in the roots There was, however, cuffing of several vessels in the substance of the me- 
dulla associated wath mterstitial ghal infiltration m the reticular substance of one side and m the region 
of one of the vagal nuclei on the other Consequently, a piece of the medulla which had been saved in 
SO per cent glycerol m the refngerator, was passaged to two rhesus monkeys One of these developed 
typical pohomy ehtis on the 14th day wath complete flacad paraly sis of both legs, and partial paralysis 
of the arms, it was sacnficed on the 15th day when the temperature dropped from 104 8-101° Micro- 
scopically there was extensive neuronal necrosis, neuronophagia, and cuffing in the spinal cord and 
medulla Passage of matenal from this monkey again produced paralytic pohomy ehtis in another 
monkey , and the virus was not pathogemc for mice 
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with marked proliferation of mononuclear cells and epitheloid cell elements, the latter 
fusing to form small giant cells Bxammation of Meissner s and Auerbach s plexuses 
in the ileum suggested that a number of these nerve cell collecUons especially those of 
the m> cntenc plexus which were more readily discerned, had undergone necrosis 

Case 3 {Indiana) — Hoo , 16 year old white boy Onset Aug 13, 1940, with fever 
sore throat headache Aug , 14 same Aug IS up and about during the day and 
attended fair at night fever, stiff neck and headache Aug 16 same and vomiting 
Aug 17, dysphagia, on admission to hospital, temperature 104 , stiff back dysphagia, 
and pleocytosis of 27 cells, became very restless, vomited and developed difficulty m 
respiration Aug 18, fibrillary twitching noted over face and chest died 6 30 a m 

Body in refrigerator, necropsy begun 8 hours after death In the gross there was 
marked enlargement of the cervical, mesenteric, axillary, and inguinal lymph nodes 
Microscopically one level of the medulla showed extensive neuronophagia and cuffing 
affecting chiefly the nuclei arabigui and other nuclei of 9th and 10th cranial nerves, the 
hypoglossal nuclei and the reticular substance, there was also extensive neuronophagia 
and cuffiing in a midcervical section of the spinal cord, focal neuronophagia and cuffing 
in a midthoracic section but no changes whatever m a midlumbar region A section of 
the abdominal sympathetic plexus revealed two questionable mmute foci of inter 
stitial and perivascular infiltration with mononuclear cells m one of the gangha 

Cast 4 {Indiana) — Wen 13 year old white boy Onset July 27, 1940, with sore 
throat July 22, p m vomited speech difficulty (nasal quahty and poor enunaatioa) 
and dysphagia July 29 temperature 103® walked into hospital, obviously ill very 
restless, stiff neck dysphagia dysphonia and very questionable faaal and hypoglossal 
nerve involvement, reflexes present though hypoactive, pleocytosis of 80 cells July 30, 
4 a ra 103 6®, secretions accumulating m back of throat, vomited had tonic convulsion 
and opisthotonos terminally, died about 6am 

Body refrigerated until necropsy was begun 8 hours after death Microscopically 
there was extensive necrosis neuronophagia and cuffing affecting most of one side and 
part of the other side of a rmdcervical section of the spinal cord, and focal neuronophagia 
and cuffing in the midthoraac and midlumbar levels, one section of medulla at level of 
decussation of pyramids showed only diffuse cuffing 

Case 5 (Wesi Virginia) —Bon 16 year old white boy Onset Aug 21, 1940, with 
headache and stiffness of neck coming on in the evening after he played baseball all day 
Aug 22, left work and walked into hospital because someone frightened him by saying 
that he might have ‘poho, ’ temperature 99 4 , neck and back stiff and pamful reflexes 
variable, some hyperactive and others ehciled with difficulty cerebrospinal fluid clear, 
under normal pressure qualitative test for globulin negative and 20 white cells (mostly 
polymorphonuclear) per c nun Aug 23 marked dysphagia and dyspnea but no pa 
ralysis of extremities Aug 24, hoarse speech and crowing respiration with larymgeal 
airway patent placed m respirator and 350 cc of convalescent blood given intrave 
nously Aug 25 dysarthria dysphagia and dyspnea increased in seventy died 3 30 
ajn 

Body at room temperature necropsy begun 8 hours after death Microscopically 
there was extensive neuronal destruction cellular infiltration and cuffing affecting 
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cbieSy both nuclei ambigui and the reticular substance m one section of the medulla 
One section through the midcervical spinal cord sho's ed extensive destruction of neurons, 
neuronophagia and cuffing with few nerve cells left intact, the midthoracic and mid- 
lumbar sections revealed many foci of neuronophagia and heavy cuffing but most nerve 
cells were preserved 

Case 6 (n'’eit Vsrgima) — Pers , 3 year old white girl Onset Aug 7, 1940, ^\lth sore 
throat and “some fever ” Aug 10, complete left facial paralysis, some stiffness of neck 
and back, and 165 white cells per emm of cerebrospinal fluid Aug 11, dysphagia, 
generalized weakness of extremities, and somewhat stuporous Aug 13, comatose in 
a m , temperature 106°, and 90 cells per c mm of cerebrospinal fluid, died 4 30 p m 
Necropsy begun 2i hours after death Pohomyehtis lesions in medulla and spinal 
cord Since the first inoculation of the spinal cord and medulla into rhestis monkeys 
yielded negative results, it was decided to inoculate the remaining tissues into as many 
cynomolgus monkeys as could be obtained at the time 

Case 7 {Ohio) — Roo , 15 year old white girl Onset Aug 21, 1940, with headache 
and backache Aug 22, anorexia, vomiting, constipation, stiff neck and back Aug 
23, paralysis of the upper and lower extremities, and difficulty in breathing requiring 
artificial respiration, on admission to the hospital some movement was found in the 
left arm and leg but the respiratory excursion was nil, temperature 102 5-104° Aug 24, 
temperature 101 8-104°, complete paralysis of both upper and lower extremities, weak- 
ness of muscles supphed by the left 5th and 12th cranial nerves Aug 25 and 26, tem- 
perature 102 6-102 8°, pulse 120 to 145, periodic cyanosis, dysphagia, incontinent of 
urine and feces Aug 27, died 1 45 a m 

Body refrigerated until necropsy was begun 10 hours after death Microscopically 
all levels of the spinal cord showed the most extensive destruction of neurons, neurono- 
phagia, interstitial infiltration, cuffing, and memngeal infiltration, in the lumbar and 
thoracic levels an occasional nerve cell was still present, while in the cervical region the 
destruction appeared to be complete The single level of the medulla exammed ex- 
hibited heavy cuffing and focal neuronophagia which was especially concentrated on 
one side in an area corresponding to the nucleus sohtanus 

This case v as remarkable for the fact that no virus was demonstrated in the spinal 
cord despite the fact that 3 monkeys — 2 rhesus and 1 cynomolgus — were inoculated with 
large amounts of the tissue The isolation of virus from the motor cortex and the colon 
contents suggests that one is not dealing with a special strain of virus of low pathogenicity 
for jnonkeys but rather that there may perhaps be relatively rapid destruction of the 
virus where the inflammatory and phagocytic reaction is especially marked 

Case 8 {Indiana) — Hun , 6 year old white boy Aug 26, 1940, headache, given castor 
oil for constipation Aug 27, 28, 29, apparently well, soaked in rain on Aug 28 Aug 
30, headache, examination by local physician revealed only “bowel trouble ” Sept 1, 
vomiting and “spitting of foamy matenal,” dysphagia, and stiff and painful neck Sept 
2, adnutted to hospital, unable to swallow or talk well, neck ngid and Kemig sign posi- 
tive, all reflexes present, 14 w hite cells per c mm of cerebrospinal fluid, temperature 
104 6-105 6° Sept 3, became cyanotic, in respirator, died 10 45 a m 

Bodj refrigerated until necropsy which was begun 7 hours after death The only 
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remarkable findings m the gross were that the tonsils were necrotic and cheesy” and 
the cervical lymph nodes were more markedly enlarged than any other group Micro 
scopically, there was neuronophagia of many antenor horn cells and cuffing in the mid 
lumbar section, focal neuronophagia in the midthoraac, and neuronophagia of most 
antenor horn cells on one side and of many on the other side, as well as cuffing and 
meningeal infiltration in the midcervical section of the spinal cord The single section 
of the medulla revealed heavy cuffing and focal neuronophagia which was especiall> 
concentrated in the dorsal motor nucleus of the vagus 

Search for Virus — Despite the unquestionable typical lesions, the short duration 
of the paralysis, preservation of the tissues in the frozen state immediately after their 
removal from the body, inoculation of the spinal cord into 3 monkeys (1 cynomolgus, and 
2 rbestis) of the medulla and pons, and both olfactory bulbs into one monkey each, 
did not yield any evidence of the presence of virus Mice inoculated with the human 
medulla and pons suspension remained well \STuIe all the other tissues listed in Table 
I were obtained m this case the> were not tested The descending colon was free 
of contents 

Case 9 {Indiana) — Rip , 21 year old white female nurse who became lU 3 daj's after 
she started to take care of a patient with pohomyehtis Onset Aug 8 1940 fainting 
attack sore throat Aug 9 ached all over dizzy, sore throat Aug 10 nausea, ‘rhi 
mtis ” Aug 11, difficulty m talking, nausea neckache, and pain between the shoulders 
Aug 12 ngidity of neck and back, local physician found paral>'sis of the throat and 130 
white cells (70 per cent pobrniorphonuclear) per c mm of cerebrospinal fluid Aug 13, 
weakness of right shoulder and irregular shallow respiration 360 cc of convalescent 
serum administered Aug 14, admitted to hospital and placed m respirator, unable 
to swallow, talked poorly, cyanotic On Aug 18 left arm weak, Aug 20 became 
irrational Aug 22, ‘the heart beat became rapid, 'respirations short rapid and not in 
rhythm with the respirator Aug 23, cyanosis and collapse ivilh pulse slowed to 50, 
died 9 40 a m Fever present throughout and varied from 100-103 6® 

Bodyrefngerated until the necropsy was begunSJ hours after death Microscopically, 
one section of the medulla revealed a symmetrical necrotic lesion (older than any of 
the others) at the site of both nuclei ambigui m addition to heavy cuffing and more 
recent foa of neuronophagia In the midcervical section of the spmal cord there was 
practically complete destruction of the antenor horn cells of one side with less involve- 
ment on the other side, the antenor horns were also markedly affected m the thoraac 
section, and while distmct neuronal lesions were present in the lumbar cord more cells 
were spared here than m the other levels 

Search for Virus — ^This case was especially included in this senes to determine w bether 
or not the spread of virus is more diffuse when the disease had lasted longer However 
smee no virus was demonstrated m the spinal cord which was inoculated into 3 monkeys 
(1 cynomolgus and 2 rhesus) m the medulla and pons, and the olfactory bulbs, the re 
mainmg tissues were not investigated 10 young mice, inoculated with the medulla 
and pons suspension all remamed well Thecoloncontents which weighed only 1 4 gm 
were suspended m 20 cc of distilled H 0, 15 cc of the etherized centrifuged preparation 
was mjected mtraabdominally and 1 cc. of the resuspended untreated sediment was 
instilled mtranasally on two successive days into Rh 3 50 The monkey remamed well 
and histological exammation revealed no poliomj elilis lesions 
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Case 10 {Illinois) — ^The necropsy on this case was performed by Dr Victor Levme of 
Chicago ^vho sent us both olfactory bulbs and part of the cervical spmal cord in SO per 
cent glycerol m separate bottles as well as the history of the patient and the histological 
sections 

The patient was a 22 year old w'hite woman Onset Sept 10, 1940, with headache, 
pain in the back and upper thighs, general malaise, anorexia, and occasional nausea and 
vomiting Paralvsis developed Sept 11, and on admission to the hospital on Sept 13 
she showed almost complete paralysis of both legs and of the abdominal muscles, poor 
excursion of the lower nbs, marked weakness of both arms, head drop, and stiff neck, 
temperature 101 4°, and the cerebrospmal fluid contamed 2S0 white cells per c mm 
On Sept 13 and 14 she received 380 cc of convalescent serum Respiratory difficulty, 
cyanosis, and tremors of the arms appeared early Sept IS and she was placed in a respira- 
tor Paralysis finally involved the diaphragm, mtercostals, upper extremities, and 
muscles of deglutition, and the patient died on Sept 16 The necropsy was performed 
2i hours after death Microscopically there was complete destruction of all nerve cells 
in the lumbar and thoracic sections and of practically all nerve cells in the cervical 
sections of the spinal cord, with extensive cuffing, mterstitial infiltration and neurono- 
phagia Similar lesions, though less extensive, were present m the medulla 

Tissues Tested for Virus 

Spinal Cord — 2 cc ic and 11 cc ip mto Rh 2-37 Temperature below 103 5° 
for first 5 days, 105 5° with excitement and weakness of left hand 6th day, 103 8° with 
complete paralysis of left upper extremity on 7th day, 101 7° and monkey almost prostrate 
on 8th day when it was sacrificed Typical severe poliomyelitis lesions 

Olfactory Bulbs — Both bulbs ground without an abrasive, suspended m 2 cc distilled 
water, and injected i c mto Rh 2-03 Remained entirely well, sacrificed 3Sth day, and 
no pohomyelitis lesions were found 

Case 11 {Indiana) — Dau , 2 year and 10 months old white boy Onset Aug 9, 1940, 
with vomitmg and “fever ” Anorexia, restlessness and “fever” persisted, paralysis 
appeared Aug 13 and on admission to the hospital he exhibited left facial paralysis, 
nystagmus of the right eye, “gurgling m throat,” rigidity of neck and back, and con- 
vulsive movements, motions and reflexes present m both arms and legs, 28 white cells 
per c mm of cerebrospmal fluid, temperature 104-106 2° Died Aug 14 

Body refrigerated but necropsy not done until 24 hours after death Only few tissues 
obtamed Microscopically there was extensive necrosis of nerve cells, neuronophagia, 
and cuffing m the medulla, w hile m the two available sections of the spinal cord, i e 
lower cervncal and thoracic, there was chiefly cuffing and almost all cells were preserved 

Tissues Tested for Virus 

Spinal Cord and Medulla — 2 cc i c and 15 cc i p mto Rh 1-25 Remained well, 
sacnficed 36th day, and no pohomyehtis lesions found 10 young mice inoculated wnth 
human material remamed well 

Olfactory Bulbs — Both bulbs ground without abrasive suspended m 1 5 cc physiologic 
salt solution and injected i c mto Rh 1-24 Remamed well, sacnficed 36th day, and 
no pohomvehtis lesions found 

Contents of Descending Colon —This material was frozen for 4 months before it was 
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tested 20 per cent suspension was used and Rh 349 received 21 cc i p the first day 
followed by another i p injection of 20 cc in 24 hours and daily instillations of 1 cc. of 
untreated suspension into each nostril for 10 days No fever, partial paralysis of both 
lower extremities 13th day, and complete paralysis of left lower and partial paralysis of 
all the other extremities 14th day, T\hen the monkey was sacrificed Typical severe 
poliomyelitis lesions were found in the spmal cord and medulla and theu- presence in 
one olfactory bulb and on one side of the anterior perforated substance suggests that 
the virus invaded by the olfactory pathway 

Summary and Analysts of Dale 

Table HI gives some of the pertinent data on the nme complete and two 
partial pohomyehtis necropsies and shows that while the presence of virus 


TABLE m 
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was m no mstance demonstrated m the olfactory bulbs, it was foimd else 
where m the body m all but two cases It is noteworthy and significant 
that three of the cases which contained demonstrable virus m the nervous 
system but not in the olfactory bulbs, began with paralysis of the extremities 
and were not primarily of the bulbar type 
The results of tests for virus in seven cases of pohomyehtis in which all 
the selected tissues were studied are presented in Table IV It is apparent 
that partly due to the difficulty inherent m the transmission of human virus 
to monkeys and perhaps also because of the longer duration of the illness 
in some mstances, the virus was not consistently demonstrated in any one 
tissue However, when the tests on all the cases are pooled a distmct 
pattern of virus distribution emerges m which certam groups of tissues 
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yield positive results with, considerable regulanty while others are consist- 
ently negative Thus, m the central nervous system, the olfactory bulbs, 
the antenor perforated substance with the adjacent corpus stnatum, and 

TABLE IV 

Dtstnhuiton of Virus in Human Pohomyehtis 


Case No , tjrpe and durabon of illness 
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P, paralytic poliomyelitis in inoculated monkey 
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c, mdicates tliat a cynomolgus monkey was used for the test 
(-T), passage positive 

* S 2 5 d , total durabon of illness was 2 5 days 
Par 1 d , paralysis 1 day 
** (10 d ), monkey died on 10th day 
t No tonsils m this case 

the anterior frontal and ocapital portions of the neopalbal cortex were 
consistently negative, while the motor cortex, diencephalon, mesencephalon, 
medulla and pons, and spmal cord were predonunantly positive This 
distnbution of virus in the central nervous system is m good agreement not 
only with the known distnbution of neuronal lesions but also with a pro- 
gression of virus along specific pathways and insulated tracts Next to 
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these areas in the central nervous system, the virus was predonunantly situ 
ated m the ahmentary tract The pharyngeal mucosa alone or together 
with the tonsds was positive in four of the seven cases, and it is our behef 
that the many early positive findmgs with human tonsils are probably m- 
dicative of the presence of virus in the attached pharyngeal mucosa rather 
than in the tonsils themselves This behef is based not only on the presence 
of the virus m the pharyngeal mucosa m the absence of tonsils, but also on 
the consistently negative results with the cervical lymph nodes in this series 
When one recalls the fact that only a small portion of the entire small 
mtestme was bemg tested, it is indeed remarkable that the washed wall of 
the ileum was positive m three cases and the contents m trvo Very sig- 
nificant also is the finding that the contents of the descendmg colon con 
tamed virus m each one of the sue cases m which contents were available, 
while the washed wall was positive only once The possibility that the 
presence of virus m the washed mtestmal wall might be due to mcomplete 
washmg away of the contents was, of course, considered and found to be 
espeaally remote as regards the wall of the ileum since the washed wall 
was positive on two occasions when the total contents of the entire segment 
were negative In the descendmg colon, however, the reverse was true 
and the almost regular presence of virus in the contents suggests that virus 
ongmatmg elsewhere m the ahmentary tract is concentrated m the colon 

The regularity with which the virus was demonstrated m the contents 
of the descendmg colon is not readily accounted for by the methods used, 
since we did not obtain the same results with the stools of hvmg patients 
It would appear either that patients m whom the disease termmates fatally 
have more virus m their mtestmal tract, or, and it seems rather unlikely, 
that something happens to the virus between the descendmg colon and the 
rectum 

In the next group of tissues one finds that the nasal mucosa, the sahvary 
glands, the superior cervical sympathetic gangha, the suprarenals, and the 
cervical and mesenteric lymph nodes were consistently negative whether 
tested m rhesus or cyitotnolgus monkeys This findmg suggests a number 
of pomts which are of significance in understandmg the nature of human 
pohomyehtis (a) that the previously reported finding of virus in the nasal 
mucosa in a single case of human pohomyehtis represents a result that is 
either rare and fortmtous or due to contammation, (6) that the centnfugal 
spread of virus, which is so common in rabies, does not appear to occur m 
human pohomyehtis, (c) the negative results with the salivary glands sug 
gest that the virus is not likely to be elimmated by way of the sahva (d) 
the negative results with the superior cervical sympathetic gangha are an 
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indication not only of the absence of any appreciable centrifugal spread but 
also that the virus did not spread centripetaUy along this sympathetic 
pathway, (e) that virus which is demonstrable m the wall of the pharynx 
or ileum is probably there because that is its portal of entry and not because 
it has become estabhshed there m a centrifugal spread of the virus, for 
if the latter were true it should also have been present m the suprarenals, 
sahvary glands, etc , (/) that virus which is present m the contents and wall 
of the alimentary tract is not readily absorbed or is at least not demonstrable 
m the l 3 miph nodes draming those areas despite the fact that they exhibit 
distmct pathologic changes, these results with the lymph nodes are in agree- 
ment with those of numerous tests by Flexner (3), and the more recent 
report of Khng, 01m, and Card (4) m which the virus was presumably 
demonstrated on rare occasions m the mesenteric (4 of 33 specimens) and 
cervical (1 of 25 specunens) lymph nodes may perhaps be accounted for 
partly on the basis that their critena for experimental pohomyehtis are m 
some cases not acceptable (5) and partly that the virus may actually get 
get mto these lymph nodes on rare occasions It is of interest m this respect 
that m mice which normally carry the virus of mouse pohoencephahtis in 
their mtestinal tract, Ohtsky (12) found that the mfective agent although 
present on occasion is not readily demonstrable in the mesenteric lymph 
nodes 

The presence of virus m the pool of axillary and mgiunal lymph nodes and 
m the pool of the lungs, hver, spleen, and kidneys in the first case in which 
the patient died after an lUness of only 2| days, at first suggested that the 
virus may perhaps be more widely distnbuted m the early stages of the 
disease Until further data become available, however, the followmg al- 
ternative mterpretation appeals to us more (a) that the pool of lymph nodes 
was positive not because of the axiUary nodes but because of the mguinals 
which dram the perianal region where virus from the mtestmal contents 
might enter through a fissure, and (&) that the lungs contammg aspirated 
matenal from the ahmentary tract probably contnbuted the virus to the 
pool of the viscera 

Although the abdommal sympathetic plexus was tested m all seven cases, 
five of which were of the bulbar t}^e and two spmo-bulbar, evidence of its 
presence was obtamed m only one mstance and that m a bulbar case While 
the monkey mocnlated with the human matenal developed neither paralysis 
nor lesions m the spmal cord and exhibited only mterstitial infiltration and 
perivascular r uffin g m the medulla, the production of the typical paralytic 
disease on passage can leave little doubt of the presence of vurus in the 
abdommal sympathetic plexus of this case It wih be necessary to obtam 
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additional data with the abdominal sympathetic ganglia (dissected with 
especial care to include its superior mesenteric component — and we cannot 
be certain that we always had this component in the present study) and 
espeaally from cases with ascending paralysis, which rarely terminate 
fatally, before much can be said about the significance of this findmg How 
ever, it is hardly necessary to stress that the presence of virus m the ab 
dommal sympathetic plevus, under conditions pomtmg agamst generalized 
centrifugal spread, is in good agreement with progression of the virus from 
the lower portion of the alimentary tract along the sympathetic pathway 
Should further mvestigations confirm the suggestion estabhshed by the 
present studies that human pohomyehtis is a disease m which the ahmentary 
tract IS primarily attached mth secondary in\olveraent of the central 
nervous system, it is dear that, m the many mstances in which only the 
lower ertremities are affected, progression of the virus along the sympathetic 
fibers of the mtestines through the abdominal sympathetic plexus is defi 
mtely to be expected It is noteworthy, however, that even m the strictly 
bulbar type of the disease, the virus may be present not only m the walls of 
the pharynx but also m the ileum and colon 

DISCUSSION 

Ever smce human pohomyehtis was shown to be an infectious disease, 
various concepts of its essential nature have been entertamed Thus, it 
has been vanously regarded (a) as a disease in which the virus multiphes 
m the upper respiratory tract and from there both mvades the nervous 
system and escapes to mfect others, (6) as a disease in which peripheral 
multiplication of the virus and the site from which the nervous system is 
mvaded is limited to the olfactory portion of the nasal mucosa, (c) that the 
virus may perhaps enter by way of the skin either by means of an msect 
bite or direct contamination, and (d) as primarily a gastro enteric infection 
partly because of its occurrence chiefly in the late summer and early autumn 
and the findmg of virus in the stools, and partly because of the results of 
certain animal experiments The data upon which the various hypotheses 
were based originated only m small part from direct studies on the human 
disease, and were derived mostly from observations on the behavior of the 
virus chiefly in rhesus monkeys and from certam epidemiological observa 
tions which could be interpreted in a number of different ways 

The upper respiratory tract hypothesis was based chiefly on the demon 
stration that virus could occasionally be isolated from nasopharyngeal 
washmgs (note the pharyngeal component) that it was present m the human 
tonsils (there was always attached pharyngeal mucosa), that it was pre 
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sumably isolated m a single instance from the human nasal mucosa, and 
on the fact that next to mtraneural mjection, mfection of the rhesus monkey 
was most readily accomphshed by nasal mstillation of the virus When 
it was found m recent years that virus mstiUed mtranasaUy m rhesus mon- 
keys could mvade the nervous system only by the olfactory pathway, the 
behef became almost general that the same was true of human pohomyehtis 
It was then shown that distinct lesions were regularly present in the olfac- 
tory bulbs of monkeys when the nervous system was mvaded by the olfactory 
pathway but not when the virus entered m any other way (9) These 
lesions which were thus indicators of the olfactory portal of entry were not 
found, however, m the human olfactory bulbs despite the fact that thousands 
of sections were studied (10) The slon as the site of primary attack was 
suggested by the presumably greater mfectmty by the mtracutaneous 
route of some freshly isolated strams (13), and by the occurrence of poho- 
myehtis following subcutaneous mjection of certam vaccines in human 
beings (14) This hypothesis was obviously mcomplete in explammg poho- 
myehtis as an epidemic disease which is presumably hmited to man The 
gastro-enteric hypothesis has been through many vicissitudes In 1912, 
Khng, Wemstedt, and Pettersson (15) obtamed the virus (proved by positive 
passage in at least one case) from the washmgs of the small mtestme m 
three of six fatal cases of human pohomyehtis, but they also reported that 
m the same senes of cases the virus was present m the combmed washmgs 
from the mouth and nose, as well as m the washmgs of the trachea This 
did not elucidate the origm of the virus and its presence m the washmgs of 
the small mtestme was usually mterpreted as representing virus that had 
been swallowed However, the clues contained m the work of Khng, 
Wemstedt, and Pettersson were not pursued and remained dormant for 
a quarter of a century chiefly because in their subsequent work on mtestmal 
contents and nasopharyngeal washmgs from patients and contacts it became 
apparent that they often employed catena for the presence of virus which 
were later found not to be acceptable The whole work was set aside with- 
out attemptmg to extract the undeniably significant and vahd results In 
the past few years, however, with the development of more adequate meth- 
ods, mcontrovertible evidence, has been brought forth for the presence of 
virus m the stools of patients with paralytic or non-paralytic pohomyehtis 
and m contacts as well (16) This important finding, however, threw httle 
hght on the essential nature of the human disease smce there was as yet 
no mdication that the vims m the stools did not have its ongm m swallowed 
secretions Experimental work on monkeys has until recently contnbuted 
httle or nothmg in support of the gastro-entenc hypothesis The work on 
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rhesus monkeys m which poliomyehtis was produced by mjectmg large 
amounts of virus into the gut (17) was not accepted partly because it was 
not readdy reproduced (3, 18) and partly because it did not approxunate 
natural conditions The results of earher feedmg eitpenments on cynomol- 
gus monkeys were irregular and also mconclusive because there was no 
evidence that mfection under those conditions had not occurred by the 
olfactory pathway The more recent experiments of Burnet, Jackson, and 
Robertson (1) mdicated that cynomolgus monkeys could probably be m- 
fected by the oral route without involvmg the olfactory pathway, and 
Howe and Bodian (2) established that chimpanzees, whose olfactorv tracts 
had been severed, could develop poliomyelitis after bemg fed human stools 
contammg the virus 

The results of the present mvestigation on the distribution of virus m 
the tissues of fatal cases of human pohomyehtis pemnt a revaluation of the 
various hypotheses m the hght of the following findmgs m the human disease 

1 The absence of demonstrable virus m the olfactory bulbs and anterior 
perforated substance mdicates that the olfactory pathway need not be 
affected m human beings 

2 The absence of infective virus m the nasal mucosa suggests that it is 
not the site of virus multiplication and chssemmation 

3 The absence of virus m the sahvary glands mdicates that the sahva 
IS not a likely means tor its elimination 

4 The positive results with the tonsils and pharyngeal mucosa, are 
probably due to the pharyngeal tissue rather than the tonsils 

5 Next to the central nervous system the vuus is distributed predorm 
nantlj m the alimentary tract and is present not only in the contents but 
also m the washed walls of vanous parts of the tract including the pharynx, 
ileum, and occasionally the colon 

6 Infection of the walls of the alimentary tract appears to be the result 
neither of generalized dissemmation of the virus nor of secondary centrifugal 
spread, but rather that of primary localization or portal of entry 

7 The distribution of virus m the central nervous system is hmited to 
certam areas and is not as mdiscnmmately chssemmated as viruses (e g , 
equine encephalomyelitis) which can mvade through the blood vessels or 
those (c g , rabies), which having entered by a specific nervous pathway, 
are capable of extensive centrifugal spread 

8 In the absence of evidence of any appreciable centrifugal spread to 
peripheral collections of nerve cells, the demonstration of virus m the ab- 
dommal sympathetic ganglia of one case is significant m suggestmg one of 
the possible routes of virus progression in certam mstances 
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The pattern of virus distribution in human pohomyehtis, as it emerges 
from the present study, thus pomts to almost the entire alimentary tract 
as the primary site of attack by the virus, and contains no support for the 
concepts mvolvmg either the olfactory pathway or the respuratory tract 
This pattern of virus distribution also mditates agamst the cutaneous route 
although it IS conceivable that occasional mfection by direct contammation 
of the broken skm may be possible It is of interest to note how much 
similarity there appears to be between this picture of human pohomyehtis 
and that of Theiler’s spontaneous mouse encephalomyehtis or pohomyehtis, 
m which Ohtsky (19) first demonstrated that the virus is earned m the 
mtestmal tract of many normal mice, although only 1 of 2000 to 5000 
develops paralysis The subsequent demonstration by Theiler and Gard 
(20) and by Ohtsky (12) that the infectious agent is also present m the 
washed mtestmal wall and that this is the most probable origin of the virus 
m the mtestmal contents, brings out a most remarkable analogy between 
the two diseases 

CONCLUSIONS 

1 Studies on a large number of tissues obtamed from fatal cases of 
human pohomyehtis have revealed that the virus is distributed predorm- 
nantly m two systems (a) certain regions of the nervous system, and (b) 
the alimentary tract 

2 Pohomyehtis virus was demonstrated m the walls of the pharynx, 
ileum, and only once m those of the descendmg colon, while the contents 
of the descendmg colon regularly contamed the virus 

3 The presence of virus m the walls of the alunentary tract appears to 
be the result neither of generalized dissemmation of the virus nor of second- 
ary centrifugal spread, but rather that of primary localization or portal 
of entry 

4 In the absence of evidence of any demonstrable centrifugal spread to 
peripheral collections of nerve cells (e g , m the superior cervical sympa- 
thetic gangha, suprarenals, sahvary glands), the presence of virus m the 
abdommal S3mipathetic plexus of one case may be mdicative of at least one 
pathway of centnpetal virus progression 

5 The absence of demonstrable virus in the nasal mucosa, olfactory 
bulbs, and antenor perforated substance suggests that neither the upper 
respiratory tract nor the olfactory pathway were affected in the cases of 
human pohomyehtis studied m the present mvestigation 

Thanks are due to Mr Isaac Ruchman, Mr George J Owider, Miss Barbara Johnson, 
and Miss Florence Case for their technical assistance 
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Western type, hereditary transmis- 
sion of virus m wood tick, Denna- 
centor andersoni Stiles, 507 

Enzyme, polysacchande-splitting, effect 
on streptococcal infection, 493 
Epithehum, tubular, of dog’s kidney, 
structural and functional transforma- 
tions m chronic Bnght’s disease, 
relation to mechanisms of renal com- 
pensation and failure, 141 

Erythrocytes, sensitized, and antigen- 
antibody compounds, interrelation of 
complement or alexm with, 695 
European typhus, fatal infection of ir- 
radiated white mice by mtraabdom- 
inal route, 669 


pDCATION, complement See 
Complement 

Flocculation reaction of protem in 
patients’ sera during acute infections 
with C polysaccharide of pneumo- 
coccus, effect of calcium, 173 

Fluid from cutaneous tissue, mtermit- 
tent take-up, 67 

p^ASTRIC See Stomach 

Growth factor, new, required by hemo- 
lytic streptococci, 487 

pjE ART-LUNG preparation, be- 
“ havior of platelets m, 299 

Hemolytic or mdifferent streptococci and 
pneumococci, intravenous or mtra- 
dermal mjections, cutaneous sensitiza- 
tion and antibody formation after 
immunization by, 57 

— streptococci, new growth factor re- 
quired by, 487 
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Poliomyebtis, non paralytic and transi- 
tory paralytic, m rhesus monteys m 
oci^ted with human vims, 757 
Polysaccharide, C, of pneumococcus, 
effect of calcium on flocculation re 
action with protem m patients’ sera 
dunng acute mfections, 173 

Poljsacchande-splitting enzyme, effect 
on streptococcal infection, 493 

Preapitate, specific, antibodies to, quan- 
titative e^tpenments, 125 

Preapitates, specific, antibodies to, 
quantitative experiments 293 

Protem, C reactive not normally present 
in blood, occurrence during acute in 
fections, immunological properties and 
differentiation from normal blood pro- 
tems, 191 

— , plasma, casern digests parenterally 
utilized to form, 727 

— , plasma, production as influenced by 
vanous degrees of hypoprotememia 
and by ammo acids 571 

reactive, not normally present in 
blood, occurrence during acute m 
fections, isolation and properties, 
183 

— , reactiv’e, not normally present m 
blood, occurrence m patients’ sera 
during acute infections, effect of 
calcium on flocculation reaction with 
C polysacchande of pneumococcus, 
173 

and water content, morphology, and 
function of liver, effect of hypoal 
bummemia, 417 

Psittacosis and memngopneumomtis, 
viruses, relation to virus from cases 
of atypical pneumonia, 641 

virus irradiated, non vmi 
lent, quantity required to im 
munize mice and dogs, 601 

Radiation of non virulent rabies virus, 
quantity required to immumze mice 
and dogs, 601 

^^of white mice, fatal infection with 
European typhus by mtraabdommal 
route, 669 

Roentgen, effect upon Shope virus 
induced papillomas of domestic rabbit 
243 


Reaction, flocculation, of protem m 
patients’ sera during acute mfections 
with C polysaccharide of pneumo- 
coccus, effect of calcium, 173 

Renal See Ridn^ 

Roentgen rays, effect upon Shope vinis- 
mduced papillomas on domestic rabbit, 
243 

CENSmZATION, red ceUs, mter 
relation of complement or alcxm 
v\nth antigen antibody compounds 
and, 695 

— , skm, and antibody formation, after 
immunization by intravenous or intra- 
dermal injections of mdifferent or 
hemolytic streptococa and pneumo- 
cocci, 57 

— , skm, mduced by mjection of con- 
jugates, 431 

— , skm, with simple chemical com- 
pounds, inheritance of susceptibility 
711 

Sera, patients’, occurrence dunng acute 
infections of reactive protem not 
normally present, effect of calaum on 
flocculation reaction with C poly 
sacchande of pneumococcus, 173 
Serum, human, neutrabzation of in- 
fluenza A virus by 327 

Shope papilloma virus, effect of x nys 
upon papillomas on domestic rabbits 
mduc^ by, 243 

— rabbit papilloma virus quantitative 
changes at site of moculation m skm 
of cottontail and domestic rabbit, 

1 

Skm hvmg, factors mfluenang inter 
mittent passage of Locke’s solution 
mto, 

— of cottontail and domestic rabbit, 

quantitative changes of Shope rabbit 
papilloma virus at site of moculation 
in, ^ 

— sensitization and antibody formation 
after immunization by intravenous 
or mtradermal injections of indif 
fcrent or hemolytic streptococci and 
pneumococa, 

— sensitization mduced by mjection of 
conjugates, 
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Lving-heart preparation, behavior of 

platelets m, 299 

Lungs, increase of influenza A virus 

after inoculation, 43 


TV/TAMMALIAN tumors, heterologous 
transplantation, 461, 475 

Man, antibody response to complex 
vaccme against influenza A virus, 
quantitative analysis, 335 

— , organ specifiaty of tissues shown by 
passive anaphylaxis in gumea pigs, 

617 

— , poliomyelitis, distribution of virus in 
nervous and non-nervous tissues, 

771 

— , pohomyehtis, nature of non-paralytic 
and transitory paralytic poliomyelitis 
m rhestcs monkeys inoculated with 
virus, 757 

— , serum, neutralization of influenza 
A virus by, 327 

— , tumors, transfer to ahen species, 

475 

Menmgopneumomtis and psittacosis, 
viruses, relation to virus from cases 
of atypical pneumoma, 641 

Metabolism, bacteria, action of syn- 
thetic detergents, 249 

— , renal, m hypertension and uremia, 

357 

Morphology, function, and protem and 
water content of liver, effect of hypo- 
albummenua, 417 

Mouth, pohomyehtis m Cercopilheais 
aellnops sabaeiis, 453 

J^EOPLASM See Tumor 

Nervous and non-nervous tissues, 
distnbution of virus of human poho- 
myehtis, 771 

^RGAN specificity of tissues of dog 
and man, shown by passive ana- 
phylaxis m gumea pigs, 617 

Organs, hvmg, mamtenance in vitro, 
sunplified perfusion apparatus, 

745 

Oxidation, photo-, of antigen and anti- 
bodies, 223 


pAPILLOMA virus, Shope, papillomas 
■*' induced on domestic rabbit by, 
effect of x-rays, 243 

— virus, Shope, rabbit, quantitative 
changes at site of inoculation in skin 
of cottontail and domestic rabbit, 

1 

Paralytic pohomyehtis, non-paralytic 
and transitory, in rhesus monkeys 
inoculated with human virus, 

757 

Perfusion apparatus, simplified, for 
mamtenance of living organs in vitro, 

745 

Photo-oxidation of antigen and anti- 
bodies, 223 

Plasma protem, casein digests paren- 
terally utilized to form, 727 

— protem production as influenced by 

various degrees of hypoproteinemia 
and by ammo acids, 571 

Platelets, blood, origin, and behavior in 
heart-lung preparation, 299 

Pneumococcal pneumoma, mechanism 
of recovery, action of type specific 
antibody upon pulmonary lesion, 

201 

Pneumococci and indifferent or hemo- 
lytic streptococci, intravenous or mtra- 
dermal injections, cutaneous sensitiza- 
tion and antibody formation after 
immunization by, 57 

Pneumococcus, C polysaccharide, ef- 
fect of calaum on flocculation reaction 
with protem m patients’ sera durmg 
acute infections, 173 

Pneumoma, atypical, virus, relation to 
viruses of menmgopneumomtis and 
psittacosis, 641 

— , pneumococcal, mechamsm of re- 
covery, action of type specific anti- 
body upon pulmonary lesion, 

201 

Pneumonitis, menmgo-, and psittacosis, 
viruses, relation to virus from cases 
of atypical pneumonia, 641 

Pohomyehtis, human, distnbution of 
virus m nervous and non-nervous 
tissues, 771 

— m Cercopithecns aethtops sabaens, 

by oral and other routes, 453 
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Vinilent, non , irradiated rabies virus, 
quantity required to immunize mice 
and dogs, 601 

Vims, equine encephalomyelitis, West 
era type, hereditary transmission 
m wo^ tick, Dermaccntor andersom 
Stiles, 507 

— from atypical pneumonia, relation to 
viruses of memngopneumomtis and 
psittacosis, 641 

— , human poliomyelitis, distribution in 
nervous and non nervous tissues, 
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Virus, influenza A, neutralization by 
human serum, 327 

— , rabies, irradiated, non virulent, quan 
tity required to immunize mice and 
dogs, 601 

— f Shope papilloma, papillomas induced 
on domestic rabbit by, effect of x rhys, 
243 
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plement fixing antigen, 581 


\1^ATER and protein content, mor 
phology, and function of liver, 
effect of hypoalbuminemia, 417 
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